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TUMOR NECROSIS FACTOR (TNF) INHIBITOR AND METHOD FOR OBTAINING THE SAME

Cross-Referance to Related Aoptication

This is a continuation-in-part of co-pending application Serial No. 07/479.681 filed February 7. 1990,
which is in tum a continuationsin-part of applications Senal Nos. 07/381.080 filed July 18, 1989, and
07/450.329 liled Decamber 11, 1989 for “Tumor Necrous Factor (TNF) innibitor and Method for Obtaining
the Same.* .

BACKGROUND OF THE INVENTION

Tumor necrosis factors ars a class of proteins produced by numerous cell-types. including monoCytes
and macroghages. At least two TNFs have been previously cescribed, spacificaily TNF alpha ang TNF teta
(lymphotoxin).

Thess known TNFs have important physiolagical etfects on a number of differsnt target cells :nvolved in
the inflammatory response. The proteins cause both fibroblasts and synowvial cells to secrete latent
collagenase and prostaglandin E2. and cause ostecblastic csils to carry out bane resorption. These proteins
increase the surface adhesive properues ot ancothelial celis for neutrophils. They also cause sndotheliat
colls to secrets coagulant actvity and reduce their ability to fyss clots. In addition they redirect the activity
of adipocytes away from the swrage of lipids by inhibiting expression of the enzyme lipoprotein lipase.
TNFs cause hepatocytss to synthesize a class of proteins know as “acute phase reactants”™ and they act on
the hypothaiamus as pyrogens. Through these activities, it has been seen that TNFs play an imponant part
in an crganism's responss {0 Sess. to infection, and o injury. See. e.g. . articles by P.J. Selby et al . in
Lancst, Fob. 27, 1988. pg. 483; H.F. Starnes. Jr. st al . in J. Clin. Invest . 82: 1321 (1988); A. Qlift et al . in
Cell S0:555 (1987); and A. Waage et ai . in Lancet Feb. 14,7987, pg. 355. -

However. despite their normally beneficial effects. circumstances have come to fight in which the
actions of TNFs are harmful. For example, TNF alpha injected into animais gives rise to the symptoms of
septic shock: endogenous TNF levais have been observed 1o increase following injection of bactena or
bacteris) cell walis. TNFs also causs bowel necrosis and acuts lung inury, and they stimulats the
catabolism of muscie protein. In addition, the abiity of TNFs to increase the leval of collagenasse in an
arthritic jont and to direct the chemotaxis and migration of leukocytes and lymphocytes may aiso be
responsible for the degradation of cartilsge and the proliferation of the synovial tssue in this dissase.
Therefors. TNFs may serve as mediators of both the acuts and chronic sages of immunopathology in
rheumatoid arthritis. TNFs may aiso be raspansible for some disorders of blood clotting through aitenng
endothelial cell function. Moreover, excessive TNF proouction has been demonstrated in patients with AIOS
and may be responsidie for some of he fever, acute phase ra3ponse and cacnexia seen with tis dissase
and with leukemias.

in these and other circumstances in which TNF has a harmtul effect, there is clearly a clinical use for an
inhibitor of TNF action. Systsmically agministered, TNF inhibitors would be useful therapeutics agamst
septic shock and cachexis. Locally applied. such TNF inhibitors would serve to prevent tissus cestruction in
an inflamed joint and other sites of inflammation. indeed. such TNF inhibitors couid be even mors affective
when administered in conjunction with intarieukin (IL-1) inhibitors. ’

One possibility for therapeutic intervention against the action of TNF is at the level of the target ceil's
response %o the protem. TNF appears to act on celis through a classical receptor-megiated pathway. Thus.
wwwid!mmmﬁmwlﬁliwofTNFmbindto 18 recaptors either Dy blocking the receptor
or by blocking the TNF would reguiate TNF acton. For thess reasons. protains and small molecules
mammmﬁnmismmhmbnnsoughtbymopruminvonm.

SUMMARY OF THE INVENTION

As noted above, this invention rohtoi to TNF inhibitors generally, and, more specifically. o 3 unne-
derived TNF inmibitor. Aaditionaily, the present invention relates to bioiogically-active anaiogs of this
inhibitor.

An objact of the prasent invention is to provide purified forms of TNF inhibitor which are acuve against
TNF aioha. An additionai otject of the present invention i3 10 provide thase inhititors n purnfied forms ©
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enable the dstermination of their amino acid sequence. A further abject is to prowide the amino acid
sequencas cf cermin TNF inhibitors. In aaditicn 1t 1s an abject of this inventon o provide a cellular source
ot the MANA coaing for TNF intibitors and a cONA library containing 3 cONA fer the innhibitors.
Syrtnermore. :t 1S an objsct of this invention to provide a3 genomic clone of ONA coding for the TNF
inhibitors, ana the coding sequencas of that DNA.

The identification of biologically-active anaiogs of such TNF inhibitors with enhanced or equivatent
Sroperties is also one of the objects of the inventon.

Additionaily, it Is an object of this invention to provids a recombinant-ONA system for the oroduction of
the TNF inhibitor described herein. A further cbject of the present invention includes providing purified
torms of TNF inhibitor which would te valuable as pharmacsutcal preparations exhibiting sctivity against
TNF. Another cbject of the present invention includes providing purified combinations of TNF inhibitors and
IL-1 inhibitors which are vaiuable as pnarmaceutical preparations exhibiting activity against both iL-1 ang
TNF.

The inventors of the presant invention have isolated at laast two TNF inhibitor proteins with TNF-
inhibiting properties. A 30kDa protemn and a 40kDa protein have been obtained in their purified forms. The
amino acid sequencs of the 30kDa TNF inhibitar protein has besn oblained. The amino acid sequence data
of the 40kDa TNF inhibitor protein has also been obtained. Both the 30kDs TNF inhibitor and the 40kDa
TNF inhibitor ars novel, creviously undescribed proteins. -

A human gencmic DNA clone wnich contains the gens for the 30kDa protein has been obtained. A ceil
source of this protsin has besn identified and a cONA cione has been cbtained and the nucieic acid
sequence of the gene for the protein determined. In addition, e gene clone has been placed in a vector
which has been found tG express the prowsin In host cetis. Also a process has been developea for puritying
the protein in an active form,

A cell source has been identified which produces the 40kDa protsin and a cONA cions has been
obtained and the nucieic acid sequence datermined of the gene for the 40kDa protein. The full cONA clones
encoding for both the 30kDa TNF inhibitor precursor and the 40kDa TNF inhibitor precursor have been
axpressed in mammakan celis to yieid an increass in TNF binding sites on the cell surface. .

Ameodingformomammfmmmomolmmhubmewhﬁw.muoum
ganucocingfofalotpomonsofthomauawkoapmwnhmdsobmomﬁﬁina&u.m
three 40kDa Inhibitor proteins sxpressad— mature 40kDa TNF inhibitor, 40kOa TNF inhibitor AST and 40kDa
TNF inhibitor AS3-each exhibit TNF inhibiting activity. Mature 4)kDa TNF inhibitor, as isolated from
medium conditioned by human USJ7 celis, and 40kDa TNF inhibitor $1 and 40kDa TNF inhibitor S3. are
coitectively referred to ae 40kDa TNF inhibitor,

The 30xkDa TNF innibitor has shown activity in inhibiting TNF alpha. The 40kOa TNF inhibitor has shown
inhibitory acton against both TNF aipha and TNF beta.

t wil now be possible to perform the large scale production of these TNF inhibitors through
recombinant ONA technology. These inhibitors should be suitable for use in pharmaceutical formulations
ussful in treating pathophysiological conditions mediated by TNF.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 describes a cytotoxicity assay for TNF in the absence (-.-) and in the presance {-x=x) ot TNF
inhibitor (30kDa). Various concentrations of TNF were incubated with and without TNF inhibitor (30kDa),
and the cytotoxicity assay was performed as described in Examople 1.

Figure 2 describes a native gel shift assay in which 3" gepicts TNF alone. and "b" depicts TNF + TNF
inhibitor (J0k0a).
HgmamCmmmdeiMiuwmamedem
were run on 14% SDS-PAGE. and transferred to nitroceilulose filter. Glycoprotsing were identified using
Con A-percxidase staining. In this figure, "a® depicts a molecular weight marker, "b° depicts Ovalbumin,
*c" depicts bovine serum aibumin, and “d” depicts TNF inhibitor (30kDa).

Figure 4 describes chemical deglycosylation of TNF innibitor (30kDa). About 200 ng of TNF inhibitor
{30xDa) were chemicaily degiycosylated (lane C) as descnbed in Example 1.

Figure 5 describes N-glycanase treatment of TNF inhibitor (30k0a). Purified TNF inhibitor (30kDa) was
iodinated by Bofton-Hunter reagent, and denaturad-iodinated TNF inhibitor (30kDa) was trestec with Ne
glycanase for 8 hours at 37C. In this figure. "3° depicts native TNF inhibitor (20kDa). and "d° depicts
deglycosylated TNF inhibitor (30kDa).

Figure 6A describes an ODzec profile of the DEAE Sepharos CL-88 chromatography of 20 1 urine.
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Figure 68 describes an autoragiograpn of the corresponding native get smft assay indicating a peak of
TNF innicitor (30kDa) at fraction 57-63. wnich is about 80mM NaCl.

Figure 7 @ scnbes an OD;yo profile of the 0.05 M Na Phosphate oH 2.5 elution from the TNF affinity
conume.

Figure 8A ana 8C describe cnromatographic profiles (ODz:s and OD1s4) of the RPB purificaton of the
TNF inhibitor (30k0a) with the L929 bDicassay of fractions from the APB column showing & peak of TNF
inhibitor (30kDa) at fractions 28-31 which 13 about 18% acetwnitrite ang at fractions 35 ana 36 whicn 13
about 21% acetonitnie. :

Fqure 88 describes a silver stained 15% SDS-PAGE of the RP8 pool showing a single band at 30kDa.
Figure 9A descnbes a peptide punfication of Lys-C digestion of TNF inhibitor {30kDa).

Figure 98 cescnbes a peptide purification of alkylated () Lys-C digests of TNF inhibitor (30kDa).

Figure 10 describes a peptide purification of two atkylated () Asp-N digests of TNF inhibitor (30kDa).
Figures 11A and 118 describe peptide purifications of an endcpeptidase VB digast of reduced
carbaxymethylated TNF inhibitor (30kDa).

Figure 12 describes amino acid sequences present in TNF inhibitor (30kDa). Blanks in the saquence
indicata the residue has not been unambiguousty identified by protein ssquencing. C° indicates the
identfication of carboxymethyicystaine by the presencs of 3K in the residue.

Figure 13 descnbes the DNA seguence of 2 genomic clone encoding at feast & portion of a TNF inhibitor
(30kDa). .

Figure 14 describes at least 70% of the matre amino acig sequence of a preferred TNF inhibitor.

Figure 15 dascribes dstection of TNF inhikitor in US37 supematant by the gei shift assay.

Figurs 16 dascribed detection of TNF inhibitor in hpic tractons from USJI7 supernaant.

Figure 17 descnoed the Northem biot according 10 Exampie 4.

Fiqure 18 described the deglycosylated TNF inhibitor (30kDa) binding to TNF. Glycosylated and
deglycosylated TNF inhibitor were incubatsd with TNF affigel. and flow through materials and eluates ot
the gel were analysed on SOS-PAGE. in this figure, (11) indicated flow through of TNF-INM, reduced and
oxigized. (21) indicated flow through of deglycosylated TNF-INH, recuced and oxidized. (51) indicates
flow through of native TNF-INH, (12) indicates eiuate of TNF-INH, reduced and oxidized. (22) indicates
siuate of deglycosiylated TNF-INH. recuced and oxidized, and (52) indicates oluate of native TNF-INH.
Figure 19 describes the complete amino acid sequence of the 30kDa TNF inhibitor.

Figure 20 describes the cONA sequence encoding the amino acid sequence shown in Figure 19.

Figure 21 describes the entire cONA sequence for the precursor of the 30kDa TNF inhibitor.

Figure 22 describss the ONA sequence near the start of the TNF inhibitor (30kDa) gene 0 olasmid
PTNFIX-1. .

Figure 23 describes the piasmid pCMVXYV beta TNFEP stop A.

Figure 24 describes the plasmid pSVXVTNFEBP stop A

Figure 28 describes a chromatograghic profile 0Da13 of the RP8 cotumn of the 30kDa TNF inhibitor from
€. Coli. The L929 bicassay resuits &re aiso shown (-x-x).

Figure 26 descnbes a silver stined 14% SDS-PAGE of the RPB Fractions in Figure 25.
Fing?dosui«adnmmﬂicmﬁboom of the RP8 purification of the TNF inhibitors from
USA7 cells. The L829 biassey results are aiso shown with a bar graph. Two distincive TNF inhibitor
peaks are seen. -

Figure 28 described a silver stained 14% SDS-PAGE of the RPS fractions. Fraction numbsr 30 comains
the 30kDa TNF inhibitor and fraction number 3§ containg the 40kDa TNF inhibitor.

Figure 29 described a chromatographic profile 004+s of the purification of urinary 40kDa TNF inhibitor.
The second TNPF inhibitory peak from mﬂnmmmmmbimdmdrmmndon
mmm.mmnmﬁm:ww.ﬁodwmmmmomn
Mmmmmmmmwmwmmmmmww.
Figure 30 Gescribes 8 silver stained 14% SOS-PAGE of the RP8 fractions of urine. Fraction aumber a2
contains the 40kDa TNF inhibitor.

Figure 31 describes the amino terminal sequences of US37 derived inhibitors (30kDa and 40k0Ds), and
urine-genved 40kDa TNF inhibitor.

Figure 32 describes & peptide purification of sndopeptidase V8 digestea 40kDa TNF inhibitor.

Figure 33 descnbes a peptide purification endopeptidase Arg-C digested 40kDa TNF inhibitor.

Figurs 34 descrites a peptide purification of trypsin digestea Arg-C18 peptide. .

Figure 35 dascnbas a peptide purification of chymotypsin digestad Arg-C10 peptide.

Figurs 38 dascrives a primary structure of the 40kDa TNF inhibitor.

Figure 37 describes a portion of the 40k0a TNF inhibitor cONA sequ nce aleng with the predicted amino

I
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acid transiation procuct.

Figure 38 descrices the complate amino acid sequence of the 40kDa TNF inhibitor,

Figure 19 descnbes tne entire cONA sequence for the precursor of the 40kDa TNF innibitor. along with
1ts secuced Transiation product '

Figure 40 descnbes a cytotoxicity assay for TNF teta (lymphotoxin) in the pressnse (c-o) of 40kDa TNF
inhibitar. in the presense (8-@) of 30kDa TNF inhibitor and without any inhibitor (x-x)

Figure 41 cescribes the expression of the 30kDa TNF inhibitor cONA sequence snown in Figure 21 in
COS7 ceils. COS celis were transtactad with plasmids using the lipofectin procedure of Feigner at al .
(Proc. Natl. Acad. Sci. (USA) 84, 7413-1987). 3.4 x 10° ceils ware incudatea with the indicated amounts
of ("B1) TNFs at a specific activity of 5.8 x 10* cpnvng and the amount bound to the cells determined.
Open symbcls are the total cpm associated with cails after 2 4 hour incubation at 4 C. Clased symbois
-gpresant bound {'®1] TNFa in the presense of 180 fold excess of coid uniabslad TNFa.

Figure 42 describes the expression of the 40kDa TNF inhibitor CONA sequence shown in Figure 39 in
COS?. Assay conditions were as described in Figure 41. The darkened sympois represent the dound
('31] TNFa in the presense of 180 foid excess of cold uniabeled TNFa.

Figure 43 describes the cytotoxicity assay of an HPLC RPC-8 fraction of the human monocytes which
were taated with PMA and PHA for 24 hours. :

Figurs 44 describes the RPC-8 chromatographic pattern of 40kDa TNF inhibitor aSt, SDS-
palyacrylamide gei analysis of the fractions (B), and the cytotoxicity assay on L3929 colls (C).

Figurs 45 describes the RPC-8 chromatographic pattem of 40kDa TNF inhibitor 453 (A), SDS-
polyacry'amide gei analysis of the fractions (B), and the cytotoxicity assay on L9289 ceils (C).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to the presently preferred smbodiments of the invention, which,
together with the following exampies, serve o sxpiain the principals of the invention.

1. Inhibitor isolated from urine .

As noted above, the prasent invention relates to TNF inhibitors which have been isolated in a purified
form. In one embodiment of this invention, the TNF inhibitors are preferably derived from urine. in addition,
the invention encompasses substantially purified TNF inhibitors of any origin which are biclogically
equivalent to the inhibitor isolated from urine. Throughout this specification, any reference to a8 TNF inhibitor
or simply an inhibitor shouid be construed to refer to sach of the inhivitors identifled and described herein.

By “biclogicaily equivaient” as used throughout the specification and claims, we mean compositons of
mpnuminvmonwudtmapabbdptmﬁngTNFu:ﬁoninua‘milafasion.bmnotmswﬂyto
moumdogtuamcnmmFmimﬁomuﬂm.By'mﬂdlyhomologous'auud
nghanmoomuingspedﬁaﬁonMdaims.iamuamofhomobgytomomﬁwmﬁm
isolated from urine in excess of that displayed by any previously reported TNF inhibitor. Preferably. the
dognoolhomologyisinmdm'b.mwmhnuymmaofm.mnvonmonpm.nbfyin
mmocsms.esssam.AmwmmmmmFinwmmmmo«m
mmmmonmm.~momommmbqyadmibodhmiswunmdasm
mwmdmmmmmmmommdmmmummlﬁglwithidomiw
amino acd residues in the sequence being compared when four gaps in a length of 100 amino acids may
mmwwmmmwnmmwoamﬂ.inwmmnsm-mswctm
Vol. . p. 124 (1972), National Biochemical Research Foundation, Washingion, D.C.. specifically incor-
meym.mmnawmwymwsmmmFWme
boisdmdbymduosmacﬁvitymanﬁbodiutomodmbooinﬂibibtorwtmoqcnoamaybe
immmwwmmmgmmwmmuocmmmmw.

Thommr’mdmommtimmﬁonnmboondaﬁvnMuﬁnomd.formoﬁm
umo.mvobunimhamwm.mmowmannmtwm'punfom\'or
*purifiad form,” when usad to refer to the TNF inhibiters disciosed herein, shaill mean 3 preparation which is
mmﬁaﬂvmafotmromdmwhidamanNmewom.mmww.moTNwaimam
present invention are at least S0% percsnt pure, preterably 75% pure and more preferably 80%, 35% or
99% pure. In one emoodiment of the presant invention, the TNF innibitor protein preparation is sufficiently
pure to enable one of ordinary skill in the ant to determine it amino acid sequencs without first cerforming
further purification steps.
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At taast two TNF inhibitors nave besn isciated by the methods set forth in the examples. The two
\shibitors are approximately 30kDa and approximately 40kOa motecules on SDS-PAGE. The 30kDa inhibitor
auates from a DEAE CLSB column at about 80 muiimolar NaCl in Tris butfer. pH 7.5. The amin acd
sequence ot the I0kDa inhibitor is set forth in Figure 19, and the amino acid sequence of the 40kDa
nmbitor is set forth in Figure 38. The 30kDa TNF inhibitor has been shown 10 innibit the acdvity of TNF
alpha. and has little effect on the activity of TNF beta. The 40kDa TNF inhibitcr has been shown to exhibit 3
significant :nnubiting etfect aganst both TNF aigha and TNF beta (lymphotoxin). ’

E Inhibitor isalated from UB37 condition medium

In an ansmate embodiment of the present invention, TNF inhibitors are isolated rom a medium
conditionsg by human U937 ceils. Two TNF inhibitor proteins have been identified and isclated frem this
conditionsg medium. The two TNF inhibitors are 30kOa and 40xDa proteins that are substantially homolo-
gous to the 30kDa and 40kDa TNF inhiditors \sclated from urine. ana are biologically equivalent 0 sucn

i Structure g! J0kDa T_N_F inhibitor

The 30kDs TNF inhibitor isolated from unne is a glycoprotein. contuning at least one carbohydrate
moisty. In one smbodiment of this invention. the natural 30kDa TNF inhibitor is deglycosylated. The
deglycosylated TNF inhibitor. which retains its abifity to bind t© TNF, is within the scope of the present
invention. Fully and partially ceglycosylated 30kDa TNF inhibitor is encompassed by this inventon. The
dagtycosylated 30kDa TNF inhibitor solated from urine is about an 18kDa protein.

The gene sequence identified that encodes the 30kDa protein does not contain & termination codon as
would be anticipaied for the aming acid sequence of the 18kDa protein. The inventors theorize. but are in
no wey t0 be limited by this theory, that the proteins produced in vivo contain additional amino acid
ssquences. According to this theory, the protsm encoded is & TNF receptor moleculs. The inhibitor protein
sncoded by the cONA has a hydrophobic sequence that would be computible with the cefi membrane
spanning regicn and a TNF tinding portion that would extend exwaceliularly from the ceil membrane. In
accord with this hypothesis and as described in Exampie 19. the cDNA has been expresssd in COS ceils
NladstomincnminmmwolmFbimsimonmw.mTNFinhibimdmopmm
Mumm.mmamwmmmmpmudmmmmwm
fragments have been identified with respect 1o Gther vindingrinhibitory molecuiss (8.g.. IL-2 inhibitor), and
are referred (o as soluble recepiors.

This theory is conustant with the lack of a terminadon codon in the nuciectids sequence that would
MbwmdmmnumﬁdomwmowmsoquoncaofmousomodTNF
inhibitor factor. It is aiso consistant with the fact that the nucieotds seauence beyond whare the termination
codon should be found. encodes a series of hydrophabic amino acids.

ThwmmmmwmimmmmmmTNFinhibitonidonﬁﬁodand
ducnbec.Mdlmotdmconnitﬁngmypoﬂimdmaminoaddummocodbytrncnm
sequences identified and described herein.

&MQ‘MOT_N_FIMW.

The 40kDa TNF inhibitor isolatad from medium cenditioned by hurnan USJ7 cells and idsntified in urine
isawmummocm moisty. In one embociment of this invention, the
nanwal 40kDa TNF inhibitor is deglycosyiated. The deglycosylated 40kDa TNF inhibitor, which retains is
mumnmmsmmmnm(wmmm> is within the scope of the present invention.
mwmmmmmmoammmwismmmwmmm.nnim
mmumMTNmecymuammom.Thoqemmidemiﬁodm
emdosmwkmpmdndoosnmcmlmmmaﬁmcmamnmmmthmimm
ssquence of the deglycosylated 40kDa TNF inhibitor. As described in Example 20, the cONA has been
expressed in COS colls and leads to an increase in the number of TNF binding sites on the cetl.

The present invention encompasses the gens enceding the mature 40kDa protein isolated from medium
conditioned Dy human US37 ceils and identfied in urine. and larger and smaller porticns of such gene {0

7
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the extent that the TNF inhibiting activity of the encoded crotein is not sifected. As can be seen by
raference 10 Figure 38. the mature 40kDa TNF inhibitor has a proling rich area near the anticipated c-
terrinus of th protein. 40kDa TNF inmibitors in which all or porions of he proline rich regime are not
ircludad 10 the orotein are active as TNF inhibitors, and are within the scope of the presant invention. Two
such shortened proteins are described in Examples 17 and 22 below, ana ar referred 10 as 40kDa TNF
inhibitor A S1 and 40kDa TNF inhibitor A53. All portions of this application which refer generally to 40kDa
TNF inhibitor shail encompass the mature 40kDa protein isotated from medium conditioned by human U937
calls and identified in urine, as well as 40kDa TNF inhibitor AS1 and 40kDa TNF inhibitor 4 $3.

It is generally betieved that at least cre TNF receptor is capable of binding both TNF aipha and TNF
beta. while same TNF receptors are capable of only pinding TNF aipha. This is consistent with the fingings
in the prasent invention wherein two TNF inhibitors have teen identfisd which are both proposed to be
active fragments of TNF receptor sites, and one 13 active against only TNF aipha and the other is active
against both TNF aigha and TNF beta.

5. Recombinant inhibitor .

@. General

A recompinant DNA method for the manufacture of a TNF inhibitor is now disclosed. In one
embodiment of the inventon, the active site functions in a manner biologically equivaient to that of the TNF
inhibitor isolated from urine. A natural or synthetic ONA sequence may be used to dirsct production of such
TNF inhibitors. This method comprises: .

(a) preparation of a ONA sequence capable of directing a host ceil to produce 3 protein having TNF
inhibitor activities or a precursor thereot; ' ' . ’
(b)doaingunDNAmuenammnvmwabhcfbmwsmadlmandropﬂmdinam
cell. such vector containing operational elsments needed to express the DNA sequencs or a precursor
thereof;

(¢) transterring the vector containing the synthetic DNA sequence and operational eiements into a host’
ceil capabie of expressing the DNA encoding TNF inhibitor or a pracursor thereof:

(d) cutturing the nost ceils under the congitions for ampiification of the vector and expression of the
inhibitor or a precurser thereof:

() harvesting the inhibitor 6f 8 Precursor therecf; and
(f)porrniningmeintimtoawmmacﬂvowﬂarysu'ucuowhonbyitpnmmorcanbo
WinmamhhavingTNFinmbim activity.

in moemuodimmo!mpms«wimonﬂon.momﬁnmmwis produced by the hast cell in the form
oiapncusorprou&n.mbumpmispmmmapmninmuammmumm

fcldcana!ytommTNFieruanmomwsgemmtylcmntom.olordinsy skifl in the art.

QEN_A;W

DNA sequences contempiated for use in this method are discussed in partin Exampies 6. 14A, and 17.
It is contemplated that these sequences include synthetic and natural DNA saquences and combinatons
therect. The natural sequences further include ¢DNA or genomic DNA segments. ’

mmtasymmduowmdowmsnumsmamw»m
oncododbymanAwgmnicpdymdm”quoms are generally known 10 one of ordinary skill in
mommmmmmmﬁimsmedhmm.ummmmmwmdmm
relating 1o polynucisctide synthesis, one is directad to Matteucc, M.D.. angd Caruthess, MH., in J. Am.
Chem. Soc. 103 :3188 (1981) and Beaucage, S.L. and Caruthers, M.H. in Tetrahedron Lett. 22 1858 (1981).
and 1o the instructions supplied with an ABI oligonuciectide synthesizer, sach of which is specifically
incorporated herem by referencs. .

These synthetic sequencss may be identical to the natural sequences described in more detail below or
they may contain different nucisotides. in one embodiment, if the synthetic sequences contain nuclectides
different from those found in the naturai ONA sequences of this invention, it is contamplated that thess
different sequences will still encode 2 oclypeptide wnich has the same primary structure as TNF inhibitor
isolated from unne. in an altsmats embogiment. the Synthetic sequence contaning different nuciectides will
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encade 3 polypectide which nas the same biological activity as the TNF Inhibitor descrived herein.
Additicnally, the ONA sequence may be a fragment of a naturai sequence, i.a. 3 fragment of a
solynucieotce which occurred in nature and wnich has been i1solated ana purifiad tor the first ime oy the
2resent inventors. In one embodiment, the DNA sequence s a restiction fragment tsolated from a cONA
ibrary.
in an atemative embcdiment. the ONA séquence is isolated from a numan genomic library. An example
of such a library usetul in this embodiment is sat forth by Wyman., et al .. (1985) Proc. Nat. Acad. Sci. USA,
82, 2880-2884. -
in a preferre version of this embodiment, 1t is contempiated that the naturai ONA sequence will be
otraned by a method compnsing:
(2) Preparation of & human cONA fibrary trom cells, preferably UB37 celis capable of ganerating 3 TNF
inhibitor, in a vector and a cell capable ot amplitying and expressing ail or part of that cONA:
{b) Proting the human ONA library with at lesst ane probe capsbie of binding to the TNF inhibitcr gene
of its protein proguct:
(c) Identtying at least one clone containing the gene coding for the innibitor by virtue of the ability of the
clone o Bind at least cne probe for the gene of its protein product:
(d) Isotation of the gene or portion of the gene coding for the inhibitor from the cione or clones chosen:
and .

(8) Linking the gene, or suitable fragments therect, to operational slements necessary to maintain and
sxpress the gene in a host cell.

The natural ONA sequences usetul in the foregoing process may aiso be identified and isolated hrough
a method comprising: . :

(a) Preparation of a human genomic library. preferably propagated in a recBec.sbe host. preferably CEs
200;

(b) Probing the human gsnomic library with at least one probe capable of binding a TNF inhibitor gene
or its protein product

{c) Wentification of at least one clone containing the gene coding for the inhibitor by virtue of the ability
dmcmwbindnmworobﬂorwgomormprotﬁnm

(d) lsolation of the gene coding for the \nhibitor fram the clone or clones icentified: and

{8) Linking the gene, or suitable fragments thereot, to operational siements 10 maintain and express the
gene in a host cell.

A third potential method for identitying and 1solating natural ONA saquences useful in the foregoing
process inciudes the following steps:

(a) Preparation of mRNA from cslis that procuce the TNF inhibitor:

. (b) Synthemizing CONA (single- or double-stranded) from this mRNA:

() Amplitying the TNF inhibitor-specific DNA saquences present in this mixture of CDNA sequences

wmmWMan(memmmquammes:

(d)mmmmmmwmmaommmqumﬁcamm

m@an:bSudnqSoum‘mbloﬁnqanﬂvsis;

(s) Subcioning the DNA fragments s identified into M13 vectors that aliow direct sequencing of the ONA

SeqUENCes:

(DummmtommncDNAclomm a cONA library: and

(g) Linking the gene, or suitsbie fragments thereol. 10 oporational olements NeCessxTy to maintain and

exprass the gene in host ceils.

lnlsomingaDNAmaiuMofummmmmMitismmodtomnﬂymom

rommmmwdoanmmmmmdmw“masocmolm
mmmmmwam.mw.mommmmmw
gmormdmgmi:mmmmormmdmwncmmwngmom
mmm.mumm.ma' ang S encs of the ONA sequence and any intron 6xon
immmmpmawopﬁmoNAmmapmofmmm»wc-
tmmmmdmmmemmwammow:mmawm
slements.

As described in Example 11um.moDNAsmwwdmmoMo¢axDamF
inhibitor may be modified by the removal of either 153 ¢r 159 base pairs from the gene that encodes for
the mature 40kDa TNF inhibitor isolated from megium conditioned by human US37 cells ana identified n
urine. The AS3 gene was prepared to remove the proline regime from the C-tarminus of the fuil gene. and
the 451 gens was prepared © approximate the C-tarminus of the gene encoding for 30kDa TNF inhibitor.

A ONA sequencs. isolated according to thess methods from 3 cDNA library ang encoding at least 3

9
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portion of the 30kDa TNF inhibitor descnbea herein, has been deposited at the American Type Cuiter
Collaction. Reckwil , M.D., undes Accassion No 4064S.

A DNA secuence. isclated according t these methods from a human genomic DNA library and
encocing at least a portion of the 30kDa TNF inhibitor described hersin, has been deposited at the
Amencan Type Cutture Collection, Rockville, MD.. undes Accession No. 40620.

A ONA sequence. isolated according to these methods from a cONA library and encoding at least a
gortion of the 40kOa TNF inhibitor descnbed herein, has been deposited at the American Type Cultural
Collection. Rockville, MD, unger Accession No. 68204.

&Vecm

(b) Microorganisms. especially E. coli

The vectors contempiated for use in the present invention inciude any vectors into which a DNA
sequencs as discussed above can be inserted, along with any preferred or required operational slements,
and which vector can then be subsequently transterred into a host csil and replicated in such cell. Pretersd
vectors are those whose restriction sites have been well documented and which contain the cperational
siements preferred or required for transcription of the ONA seguence. However, certain embodiments of the
present invention are aiso envisioned which employ currently undiscoversd vectors which would contain
one or mors of the cONA sequences described herein. In particular, it is preferred that ail of these vectors
have some or all of the following characteristics: (1) possess minimal number of host-organism
ms:(2)bosnmymaimnimdandpropagatadinmoduindhost:(S)boﬂpmotbdngprmmin
aﬁghcopymm\winhdwndhuc(l)msmsangumupmmm”ampmm
Wpﬁonofmgmofinmst:(S)hmoutlowmmmONAmemmmlummem
pmon!onapowmonhopmtdsoommmnwmmom:mwmuinmdnnd(sn
DNA ssquence capabile of terminating transcription.

lnvMymmMmu.moadmmmwmomem
DMdeemsﬂRimnﬁmcmmnvmomdmmoa'wum-
m‘athimonmmpmom.nmmShho—Dﬂqmmncomd
initistor codon, and at least one terminator codon. Preferably, these “cperational slements” also include at
lustomopomor.aleatonIemmfapminswboommmmwltm.nlun
mqmmawmm.wmmommmmwwmmm
mmwmmwmamovmom.

mdmmwmmqumminmamommmmmsm
muismMMmymedmmMmuMMmmod
wmoawmmmmmmofmwwuinmmmwmlmmmm
herein.

mm.itismmmmmmmminanymummmmuuily
mwmsmmtwmausmuwotmwwgmm
msﬁmﬁomdhoumwhmngimdmoDNAmnFm.mde
ommwinumkabbhmmmmmnbaddﬂonauycmmpmdmmm.inw
proferred embdodimants, will contain ONA soquemucapwodfuncﬁonimumm(‘omm').w
other DNA saquences capsbie of coding for regulator proteins.

() Reguistors
TmmianmﬁNmowMommdeMwmmm
mdmumm“mﬂmm.mwmdm«mmmwl
amumwww“mmmpmuncododforbymDNAmum.hqut.
it is preferred that reguistory segments De inserted into the vector such that expression of the DNA
smwillnotocw.orwiummagmnyrmmminmmd.fumpb.
isopropyithio-beta-O-gatactoside. in this situation. the transiormed microorganisms contsining the DNA
smmaybagmntoam:oodonsitvp:iortoiniuaﬁonofmoommmofmm.Inthia
smbodiment, exprassion of the desired protein is induced by addition of a subsance © the microbial
environment capable of causing expression of the ONA ssquence after the desired censity has been

10
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achievea.

(i) Promoters
e —

The exprassion vectors must contain prometers wnich can be used by the hcst organism for expression

. ot itg own prateins. While the 1actase promoter system 13 commonly used. other microbial promoters nave

teen isolated and characterized, enabling one skilled in the art to use them for expression of the
racombinant TNF inmbitor.

(iii) Transcription Terminator

The transcription terminators contamplated herein serve t0 stabilize the vector. In particular, those
sequences as cescrnbed by Rosenberg, M. and Court. D.. in Ann. Rav. Genet 13 :319-353 (1979),
specifically incorporated herein by refarence, are contempiated for use in the present invention.

(i_\_r)_ Non-Transiated Sequence

It is noted that, in-the preferred embociment. it may also be cesirable to reconstruct the 3 or § end of
the coding region to allow \ncorporation ot 3 or $ non-transiated sequences into the gene transcript.
Included among these nen-transiated sequences are those which stabilize the mANA as they are identifiea
by Schmsissner. U., McKenney, K., Rosencerg, M and Court. 0. in J. Mol. Biel. 176 :39-53 (1984),
specifically incorporated herein by reference. -

M) Ribosome Binding Sites

The microbial exprassicn of foreign proteins requires certain operational elements which include. but
mnotlimindto.ribomobindm sitos.AribombindingsitoisasmaManbome'
recognizes and binds © in the initistion of protein synthesis as set forth in Goid. L.. et al .. Ann. Rev.
Microbio. 18 :457-580: or Marquis. D.M.. ot al .. Gene 42 :178-183 (1988), both of which are specifically
incorporated herein by reference. A pre 54 Tibosome binding Sits is GAGGCGCAAAAIATG).

(_v_ill.uder Sequence a_ng'l’mnshﬁmﬂ Coupler

Adaiﬂonanv.,itisummm ONA coding for an appropriate secrstory isader (signal) sequence be
present &t the § endolmONAaqumumtombyWImM.E.inNmAddsRu.3:5145-

DNAlormommmumammicnabwsmmmonofampmmnmmd\
the lemwomhmwmwmmmctommw.n.e-meremustbeno
vmmamswmmmmemDNAmm.Thooresoncooﬂm
lemmasammmumumdmﬂolbwinqnms. First. the pressnce of the leader
mummladmmmtmdmmmnuuim.ln m.mmmmwdm
mdmmmmmw:bmmwmwmemnmmnumdma
W«mmmmmmmmmﬁumm.mmcmam
wmmmyhdmmﬂmnofmTNqum. through directing the proten out of the cefl
cytopiasm. In some speciss of host microorganisma, the presence of an appropnata loader sequence will
allow transpont of the completed mmimmnoﬂpusnicspm.uinmcmolsme E. coti . In the
case of ceratin E. coli . Saccharomyces and srains of Saciius and Pseudomonas . the sppropnate leader
ssquance wiil aliow transport of The promein through the Cail memorans and ifto e extraceiiular medium. in
this situation. the prown may be purified from extraceliutar protein, Thirgly, in the case of some of the
proteins prepared by he presant invention. the prasence ol the leader sequence may pe necassary 'O
locats the completed protsin in an environmant where it may fold to assume its active structure, which
structure possesses e appropriate protain activity:

in one preferred embogiment of the gresent nvention, an aaditional ONA sequsnce :3 located

n
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)mmeciataly oreceding the ONA sequence wnich codes for *he TNF inhibitor. The additionai DNA sequence
s zapaoe of functioning as a ranstatonal coupler, 1.8.. it is @ DNA sequance that encodes an RNA which
sarves IC ccsitcn nbosomes immediately adjacent to the nbosome oinding site of the inhibitor ANA with
~nich 1t is CONtGUOUS. in one embodiment of the present invention, the rransiational coucier may be denved
Lsing the DNA sequence . )
TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAATG

and methods currently known to those of ordinary skill in the art relatad to transiational couplers.

(vﬂ Transiation Terminator

The transiation terminators contemptated harein serve to stop the transiation of MRANA. They may be
oither natural, as dascribed by Kohii, J.. Mol. Gen. Genet. 1_8_2 :430-439: or synthasized, as descrited by
Pettersson, R.F. Gene 24 :15-27 (1983), both of wnich references are specifically incerporated herein by
reterence. -

(vii) Selectable Marker

Additionally, it is preferred that the cloning vector contain a selectable marker, such as a drug
resistance marker or other marker which causes axpression of 3 seiectable trat by the host microorganism.
In one smbodiment of the oresent invention, the gene for ampicillin resistance is included in the vector
while, in cther plasmids, the gene for tetracycline rasistance or the gene for chioramphenicol resistance is
included.

Such a drug resistance or other seiectable marker is intanded in part to faciiitate in the selection of
transformants. Additionally, the presencs of such a seiectable marker in the cloning vector may be of use.in
Kkeeping Contaminaling microorganisms from muitiplying in the culture medium. In this embadiment, a purs
cufture of the transformed host microorganisms would te ootained by cuituring the microorganisms under
conditions which require the induced phenctype for survival.

ThoomaleiemmadiseumdMinmmﬁmw:olnubym«omlmwnmmom
in light of prior literature and the teachings cormained hersin. General exampies of these cperational
clotmm:msotlomma.w.soma.Mloy&Som.Nchomnm).Mismdﬁwly
ineorpomodhmbyrdiaﬂomomoMofwinbnmwmdmmmaybolmonun
maimmmmyumumwmmmmmmcimmobwc
characteristics of the aforementioned vectors.

Umswswiwumotdlmawwdmdmpmmmofmwm
m.uwumwmgwmmmmmdmsdﬂhmmmw
ammnmwwummmmmmmwmmmswnmmm
m»mmmammwmm.mm&mmmmom
mmcunmmnwmmwmm&mm.umtmwwgg.mmm
cm.cousmummmmussﬂ.wmumﬁawmwmmnwnm.

mmammmummmimm.ummummn
m\ﬁphcopiadeNAmmmmmﬁwgmmummmﬂm
w.tanmmmmmmmcmgmmawwummm
TNFIMW.ThonumbudrwlipbeopmolmoDNAuqumwhbmmybomtodimmevmis
!imitodouiybymemﬁNMvm.mwiasiu.mmmmwmw
transcribed in an appropriate host ceil.

® Other Microorganisms

anwmhminmummmmEgo_gmmwmpwmmmvm.sm
vectors are described in Table 1. in aqdition, certin prelemed vectors are discussed below.

12
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Q Pssudomonas Vectors

Several vector olasmids which sutonomously replicate in a braad range of Gram negQative bacteris are
preferred for uss as ctoning vehicies in hosts of the genus Psesudomonas . Cenain of these are described
by Tait. A.C.. Close. T.J.. Lundquist. R.C., Hagiya, M.. Rodriguez, A.L., and Kado, C.L in Biotechnology,
May, 1983, pp. 269-275: Panopouios. N.J. in Genetic Engineering in the Plant Sciences . Prasger
Publishers. New York, New York. pp. 163-185 (1981); and Sakagucw. K. in Current Topics in Microbioiogy
ang immunoiogy 9_2 :31-45 (1982), eacn of which is specifically incorporated hersin by reference.
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One particularty preferred construction would emoioy the plasrmd RSF1010 and denvatves thereo! as
~escnted by Bagdasanan, M., Bagdasanan, M.M.. Coleman, S.. and Timms. K.N. in Plasmids of Medical.
Environmertal ana Commerical importancs . Timmis. K.N. and Puhler, A. eds.. EisevierNortn rolland
Biomeaical Press (1979), scectically ncorporated herein by reference. The advantages of RSF1010 are
:hat it 's a relatively smail. high copy numper plasmid which is readily transformed into and Sm@dly
maintained in both E. coli and Pseudomonas species. In this system. it would be preferred 1 use the Tac
expression system 23 Gescnbed for Escherichia . since it appears that the E. coli trp promoter is readily
recognized by Pseugomonas ANA “poiymerase as st forth by Sakagueki, K. in Current Topics in
Microbiology and Immunology 98 :31-45 (1982) and Gray, G.L. McKeown, K.A.. Jones AJ.S.. Seeburg.
PH. and Heyneker. HL in Blotchnciogy. Feb. 1984, 00. 161-188, both of which are specifically
incorporated herein by reference. Transcripional activity may be further maximized by requiring the
exchange of the promotsr with, 8.g., an €. cofi or P. asruginosa trp promoter. Additionaily, the laci gene of
E. coli would aiso be inciuded in the plasthid 10 effect reguiation.
= “Transiation may be coupled to wansiaton initiation tor any of the Pseudomonas proteins. as weil as to
initiation sites for any of the nighly expressed proteins of the type chosen [ cause ingscellular expression
of the inhibitor. '

In those cases where restriction minus strains of a host Pseucomonas species are not available,

 transformation efficiency with plasmid constructs isolated trom £, coli are poor. Therefore. passage of the
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Pssucomenas cloning vector through an r- m ¢ strain of anothef species pnor to ransformation of the
Zesired Nost. as sat forth in Bagdasanan. M.. ot al.. Plasmids of Medical. Environmental and Commercial
Imporance . Pp. 411-422, Timmis and Puhler oS EisevieriNorth Holland Biomedical Press (1379).
Specifically incorocrated herein by refersnce. is desired. ‘

(_ii_)_ Bacilius Vectors

Furthermore. a preferred expression System in hosts of the genus Bacillus involves using plasmid
pUB110 a3 the cloning venicle. As in other host vector systams, it is possle i Bacillus to express the

.TNFinhibmrolmwimnmnﬁMmimmu«amm.momt

smbodiments include both systems. Shuttle vectors thai replicate unmwmwgiﬂm available
for constructing and testing various genes as described py Oubnau, D.. Gryczan. T.. Contente. $.. and
Stﬁvah:mu.kG.inGomﬁcEnginmng.Vd.z.SommmammnPhnmPna.mvomm
York, pp. 115-131 (1580 specitically incorporated herein By reference. For the expression and secretion of
thoTNFimibitorma.Mﬁlb.ms&gﬂdmwdatpha-mmtsmmmtolhecoding
region for the protsin. For synthesis of intraceiiular inhibitor, the portable ONA sequence will be tran-
sigtionaily coupled to the m-mmdmm-mm leader sequence.

Transcription of either of these constructs is preferably directed by the aipha-amylase promoter or 3
derivative therect. This derivative contains the RANA polymerasa recognition sequence of the natve sipha
mmww:momwmamu.smwnyoncmmw
mmp«idﬂinmqmmmmommvwhmmmmmﬁminﬁndﬂmhomin
-mumwonummwvmmo.awm«memﬁmgwm.
Ganesan. AT. and Hoch, JA., eds.. Acsdemic Press. po. 249263 (1964), 3peciically INCOrpoTated bY
romm.Tholwmmgaﬁ.muwmminunpmwmamfogum.

(i) Colstridhum Vectors

One preferred construction for expression in Clostriglum is in plasmid pJU12. described by Squires.
C.H. ot al. in J. Bactenol. 159 :485-471 (1984) and specificaily incorporated herein by reference.
wanstormed into C. perfringens Dy the method of Heefner. O.L. ot al. as described in J. Bacteniol. 159 :460-
484 (1984), specificaily InCOrpOrataa herein Dy referencs. Transcription is directsd by the promoter of the
mydhnmmfmwmisccwdmmShino-m!qmmmsotmismomqena
inammsuicuymnbgmbmopmodmouﬁhodmmmsnﬁm!wmmmvhom

(iv) Yeast Vectors

Maintenance of forergn DNA introduced into yeast can te effected in several ways &3 described by
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Botstew. D. ana Davis, AW., in The Molecular Bioiegy of the Yeast Saccharomyces . Colg Spring Harbor

‘Laboratory. Strathern, Jones and Broacn. €0s.. Pp. 607-636 (1982), specifically incarporated hersin by

reference. One preferred exoression system for use with host crganisms of the genus Saccharomyces
harbors the TNF inhibitor gene on the 2 micron plasmid. The advantages of the 2 micron circie nciucs
reiatively Righ copy number and stability when intoduced into cir' strains. Thess vectors preferanly
incorcorate the replication origin and at least one antibictic resistance marker from pBR322 to allow
replicadon and selection in E. coli . In addition. the piasmid will preferably have the two micran sequencs
and the yeast LEU2 gene to Serve the same purposes in LEU2 defective mutants of yeast.

It it is contemplated that the recombinant TNF inhibitors will uitimately be sxpressed in yeast, it is
preferred that the cloning vector first De transferred into Escherichia coli . where the vector would be
allowsa o replicate and from which the vector would be cbtained and purified after amplificaion. The vector
woulg then be transfermed into the yeast fcr uitimats expression of the TNF inhibitor.

(c) Mammatian Cells

The cDNA for the TNF inhibitor will serve as the gene for expression of the inhibitor in mammaitian
celis. It should have a sequence that wiil be efficient at binding ribosomes such as that described by Kozak,
in Nucleic Acids Research tS :8125-8132 (1987). specifically incarporated hersin by reference. and shouid
have coding capacity for 3 isader sequence (see ssction 3(a)(vi)} to direct the mature protein out of the cetl
in a processea form. The DNA restnction fragment carrying the complets cONA sequence can be inserted
int0 an expression vector which has a transcnptional promoter and a transcniptional enhancer as described
by Guarente, L in Call 52 :303-305 (1988) and Kadonaga, J.T. etal.in Cail 51 :1078-1080 (1987), both of
which are specifically incorporated herein by referencs. The promoter may be reguiatable as in the plasmid
PMSG (Pharmacia Cat. No. 27450801) if consttutive expression of the inhibitor is harmful to cell growth.
The vector should have a compiets polyadenylation signal as described by Ausubet, F.M. et al . in Current
Protocols in Molecular Biology, Wiley (1987), specifically incorporated hersin by reference. so that the
mRNA transcribed from this vector is processed properly. Finally, the vector will have the replication origin
and at least one antibiotic resistance marker from pBR322 to aliow repiication and selection in £. coll .

In order to select a stable ceil fine that produces the TNF inhibitor, the expression vector Can carry the
gene for a selectable marker such as a drug resistance marker or carry & complementary gene lor a
deficient cail line, such as a dihydrofolate reductase (ahfr) gene for transforming a ahfr cell line as
described by Ausubolotll supra . Alternatively, aapmmmndwrymommummercmba
cotransformed along with the omsson vector.

memmmm

mvmmusmwumm-mmwmnmhostcoltmmhostcalhmaybo
microorganisms or mammalian cells.

(c) Microorganisms

It is belleved that any microorganism having the ability to take up exogenous DNA and express those
genes and attancant operational siements may be chosen. After a host organism has been chosen, the
vector is ransterred into the host organism using methods gensrally known to thass of ordinary skill in the
art. Exampies of such methods may be found in Advanced Bacterial Genstics by A.W. Davis et al .. Coid
Spring Harbor Press, Cold Spring Harbor, New York, (1980), which is specifically incorporated hersin by
reference. It is proferted, in one embodiment, that the transformation occur at low temperatures, as
temperature reguistion is conternplated as a means ol reguiating gene expression through the use of
cperaticnal slements as set forth above. in another embodiment, if csmolar reguiators have been inserted
into the vector, requiation of the sait concentrations during the transtormation wouid be required to insure
appropriate control of the foreign genes.

It is preferred that the host microorgenism be a facultative anaercbe or an asrobe. Particular hosts
which may be preferable for use in his m thod include yeasts and bacteria. Specific yeasts include those
of the genus Saccharcmyces . and especially Saccharomyces cerevisiae . Specific bactens inciude thess of
th genera Bacilius , Eschenchia . and Pseucomonas . especially Bacitius’ subtiis and Eschonchia cofi .
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Acditiona: nost cails are fisted in Table |, supra .

ic) Mammailian Celis

The vector can Be introduced into mammalian celis in cuiture by ssveral techniques such as calcum
phosonate: ONA coprecioitation. slecuoporaton, or protoptast fusion. The preferred method is coprecipita-
tion with caicium phosphate as described by Ausubei et al ., supra .

Many stable cell types exist that are transformable and capaie of ranscribing and transiating the cONA
sequence, processing the precurser TNF innibitor and secreting the mature protein. However, cell types
may be vansbie with regard to glycosylation of secrated proteins and post-transiational modification of
amino acid residues, if any. Thus. the iceal ceil types are those that produce a recombinant TNF inhibitor

identical to the natural matecule.

8 Culturing Engineered Calls

The host ceils are cultured under conditions appropriate for the expression of the TNF inhibitor. These
conditions are generally specific for the hast ceil, and are readily determined by one of ordinary skill in the
art in light of the publishea literaturs regarding the growtn conditions for such cells and the teachings
contained herein. For exampie, Bergey's Manual of Determinative Bacteriology, 8th €d., Williams & Witkins
Company, Balimore, Marytana, which is specifically incoroorated herein Dy refersnce. containg information
on canditions for culturing bacteria. Similar information on culturing yeast and mammatian csils may be
obtained from Pollack, R. Mammalian Call Culture, Cold Spring Harbor Laborstories (187S), specificaily
incorporated herein by refersnce.

Any conditions necessary for the requiation of the expression ot the DNA saquence. dependent upon
mwmmimwmﬂtmmvm,mummomumwmmw
culturing stages. in one embodiment, ceils are grown 10 3 high density in the presencs of appropriate
reguiatory conditions which inhibit the expression of the ONA sequence. When optimal cell density is
approsched, the environmental conditions are aitersd to those appropriate for expression of the ONA
sequence. It is thus contemplated that the production of the TNF inhibitor will occur in a8 tme span
subsequent t0 the growth of the host ceils to near optimal density. and that the resultant TNF inhibitor will
ve harvested at some time after the regulatory conditions necessary for its expression were induced.

(a) TNF inhibitor Produced From Microorganisms.

In a preferred embodiment of the present invention, the recombinant TNF inhibitor is purified subse-
cuunmnmesmgmdwwmﬁmdiamme.misommmhmdmum
inventors believe that recovery of a high yisia of re-folded protein is facititated if the protein is first purified.
W.hmommmmmmmFimeaybodlowodtomoldtnamens
active szucture prioe to purification. in yet another preferred, altemate embodiment. the TNF inhibitor is
mhhMMMumﬂmmmwmgm.

|nwwmmFWwﬂmmoiam.mmomamm
the host microorganism snd transpert of the protein through the cell wali or membrane or into the
MDWw.MMMmHDNAMnQMMMDﬁmvaMM
Enkutomoommtwmmmml!moTNFinhibitordonnotamiupropu.
mm.mymwwuhmwmmmlminmmm
ocwmoun«ﬂmummbymgwmmm.faomob.guwdinmwbﬂdom
peta-mercaptosthancl. before the TNF inhibitor is allowed 0 assume its active structure follomng dilution
and cxgation of hese agents uncer controlled conditions.

For purifications prior to ang after refokling. some comoinations of the lollowing steps is preferably
used: amion exchange chromatography (monoQ or OEAE-Sepharose), gel filtraton cnromatograony
{supercse). chromatofocusing (MonoP), and hycrophobic intaraction chromatography (octyt or phenyi
sapharose). Of particutar valu  will be affinity chromatagraghy using TNF (descnbed in Example 1).
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{b) TNF inhibitor Produced from Mammailan Cells.

TNF irmbitor procuced from mammalian ceils will be punfied from conditioned medium by steps that
will inciuge 1on exchange chromatography and affinity chromatography using TNF as ¢ seribed in Example
1. It wil be apparent %o those skilled in the art that vanous modifications and variations can oe made in the
procssses and products of the present invention. Thus, 1t is intended that the present invention cover the
maodifications and vanatons of this invention provided ey come within the scope of the appended claims
and their squivalents.

As indicatad previousiy, the TNF inhibitors of the present invention are contempiated for use as
therapeutic agents and thus are to be formulated in pharmacsutically acceptable carriers. In one empodi-
ment of the present invention, the TNF inhibitors may be chem:cally modified to improve the pharmokinetic
properties of the moiecules. An example would be the attachment of the TNF inhibitors to a high molecular
weight polymeric materia) such as polysthyiene glycol. In addition. interleukin-1 inhibitors may oe admin-
istared in conjunction with the TNF inhibitors. This combination therapeutic will be especially useful in
treatment of inflammatory and degenerative diseases. .

The following exampies illustrate various presently preferred embodiments aof the inventon claimed
herein, All papers and references Cited in the Examples that follow are specifically incorporated hersin by
reference.

Example 1 Protein Preoaration

A. Materiais

The gene for TNF aipha (TNFa) was purchased from British Blotechnoiogy. Limited. Oxford, England.
DEAE-Sepharose CL-68 resin and Mono-Q HRS/S, HR1010 FPLC columns wers purchased from Phar-
macia. inc.. Piscataway, New Jersay. Afigel-1$ resin, and BioRad protein assay kit were purchased from
BioRad, Richmond. California.. Tween 20, ammonium bicarbonate, sodium phosphate, PMSF, sodium
bicarbonats, dithiothreitol crystal violet and actinomycin O wers purchased from Sigma Chemical Company,
St. Louis, Missouri. Endoprotainase Lys-C, Endoproteinase Asp-N and TRIS were purchased from Boehrin.
ger Mannheim Biochemicals, indianapolis, Indians. Hexafluoroacetons was purchased from ICN Biomed-
icals, Costa Mesa, California. Cyanogan bromide, trifiuorcacetic acid. and guanidine hydrochioride were
purchased from Pierce Chemicais, Rockford, tilinois. Acstonitrile and HPLC water were purchased from J.T.
Baker Chemical Company, P!ﬂlllpsbug.Nome.UmwupuamodmeoMlﬁmm
Laboratories. Gaithersburg, Maryland. PHHodoacstic acid was purchased from New England Nuciear,
Boston, Massachusetts. ['®1-TNFa was purchased from Amersham. Arington Heights, lilinois. Recombinant
human TNFa was purchased from Amgen, Thousand Oaks, Cafifornia. C8-reverse phase columns (25 cm x

.4.em)mmmsm.mum.mAc&mmmmmna

micron, 22 cm x 2.1 mymmmmwpmanosym.maw.wmmmw
fnicrotiter plates wers purchased from VWR Scientific, Batavia, liincis. McCoys SA meadia and fetal bevine
serum were purchased from Gibco, Grand Isiand, New York. RPM-1 1640 media and L-glutamine were
WMMMM.M.WWTquWMKC.Ws.&W
Kansas. ME180 K937 and L9289 cell lines were obtained from American Type Culture Cotlection, Rockville,
Maryiand.

&wggmhﬁw
Two types of assays were used to identity the TNF inhibitor. One of them is a cytotoxicity assay. The
other is & gel shift assay.

1. Cytotowieity Assay

The cytotoxicity assay was performed with actinomycin O-teated ME180 celis and L929 caiis as
gdescribea by Ostrove and Gifford (Proc. Soc. Exp. Biol. Med. 160. 354-358 (1879)) and Aggarwal and
Essalu (J. Bigl. Chem. 282, 10000-10007 (1987)). L929 cells (CCLL: American Type Culture Collection) cetis
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wer mamamned in McCoy's SA medium containing 10% fetal bovine serum. Confluent cuitures were
treated pnefly with 0.25% trypsin in pnysiological solution containing SmM EDTA ana resuspended in a
1-esh medium. Acproximately 2 x 10° trypsinized calls per weil were plated in 968-Well plates (Coming) ana
incuoatag for 24 hours at 37° C. Then acunomycin O was addsd to a final concentration of 02S ug per mi.
After two hours, samples containing TNF and TNF inhibitor were addsd 1o the wells and incutation was
cantinusd Gvernight at the same temperature. After Microscopic svaluation, the medium was decanted, and
the wells wers finsed with PBS. The weiis were then fillad with 3 solution of 0.1% crystal vigiet. 10%
forma:dehyde and 10mM potassium phosohate. pH 6.0 tor 5 min, washed thorcughly with water and dned.
The aye was extracted with 0.1M sodium cirate in 50% ethanol, pH 4.2. The absorbancse of the aye in
viable ceils was determinea at 570 nm using 3 Kinetic microptate reader (Molecular Devices Corp. CA). An
axample of this assay is shown in Figure 1. In the presence ot TNF inhibitor. the cytotoxic effect of TNF
'was reduced.

2. Gel Shift Assay

The gel shift assay invoives the use of 3 native polyacrylamide Gel electrophcresis system. This native
4% gel glectrophoresis was performed according 10 Hedrick and Smith (Arch. Biochem. and Blophysics
128, 155-164 (1968)). The iodinated TNF /Amersnam) was mixed with the TNF inhibitor from Exampie 1.C.
after C8 chromatography and incubated for 30 min. to 2 hours. This mixture, along with the ioainated TNF
alone, were ioaded onto the 4% native gel and' elecwrophoresed. After the gel was fixed with 10% acetc
acid and washed, a film was placed for radicautograpny. As shown in Figure 2, the compiex ot TNF and
TNF inhibitor migrates differently from the TNF by itsaif. This gel shift assay was used to determine which
fractions contain TNF inhibitor in the eiuates of OEAE CLBB column chromatography. ’

& Purification of the 30kDa _T'P_lf Inhibitor

Twontyimumhomapm\tdbgnosodwimmudysh{tﬂmmmvmmzoomwim
an Amicon YMS membrane. The concentrats was then dialyzed at 4 " C against 0.025 g‘l’ris-(:l. pH 7.8, and
subsequently centrifuged in a JA14 rotor at 10.000 rom for 30 minutes. The supematant was then lcaded

‘oo a 40 x 45 cm DEAE Sepharuse CL-38 column equilibrated with 0.025 M Tris-Cl, pH 7.5 and

extensively rinsad with equiibration buffer until the ODzso of the effiuent retumed {o bassfine. Chromatog-
raphy was accomplished using a linear gradient from 0-0.03 M sodium chicride in 0.025M Tris-Cl pH 7.3
and monitored by ODzse. Column fractions were cotiected. and assayed for TNP Inhibitor actvity using the
native gel assay. The TNF inhibitor eiuted ehutes in & rather sharp peak at 80mM NaCl

Figure 6A shows the ODase profile of the DEAE Sepharcse CL-88 chromatography of 20 t unne. Figure
68 shows the autoradiograpn of the corresponding native gel assay incicating 8 peak of the TNF inhibitor at
fractions S7-63, which is about 80mM NaCl.

The TNF inhibitor was turther purified using a TNF affinity column. Recombinant TNF was expressed in

. BLRU/OE3 at about 10-20% total call protein. The cell pelist was French-prassed at 20,000 psi and the

sotuble material dislyzed 21 4' C against 0.025 M Tris-Cl pH 8.0. The dialyzed lysae was 0.2 micron-filtered
mu|oaanm.m-omcmwu§mmo.ozsMfm-aonao.Amww-mmo
10 0.5 M NaCl in 0.025 M Trs-Cl gH 8.0 was run and monitored by ODzsa. One mi fractions were coliectsd
anuan‘uymwmﬁ‘wsowmamwm&mwamssssmmodm
WSO&PA@EMwWWWm:M«dmmM.uumwmmou
ammmuﬁlmmy.mMtgon'sTNFauammd(BrumM.Anw. Biochem. 72,
248-254 (1978)).

TNFs was concentrated in an Amicon Centnprep-10 to about 25 mgmi. cialyzed against 100 mM
NaMCO5. pH 8.5, and coupied to Affige1$ resin at 25 mg TNF/mi resin. A coupling efficiency of greater

: mmmwammmmmatmusnmw«mmmrmmm.

PMSF.aaﬁt\dconwmdmot14mM.waudodtnmeDEAECL-eBpoolmdappﬁodton¢x1
cm TNF affinity column squilibrated at 4’ G with 0.025 M Tris-Ci pH 7.3 at & flow rate of 0.1 mumin. The
cohamn was then rinsed with 0.025 M Tris-Cl pH 7.5 untii the ODaso of the effiuent retlumed to baseline. The
cotumn was subsequently euted with 0.05 M NaPhos, oH 2.5 ana monitored Dy ODase. Figure 7 shown the
ODaso profile of the 0.05 M NaPhos pH 2.5 shution from the TNF affinity column.

The TNF inhibitor was purified to homogsneity by reverss ghase HPLC on a Syncropak RP-8 (C8)
column. The ODsso peak from the TNF affinity column was pooled and immediately loaded onto & RP-8
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column. equiiibrated with 0.1% TFA/H,0, a linear 1%/min Gragient of 0.1% TFA/acetonitrile was run. from
0-50%. ana monitored by QDz1s and ODzs0. Fracuons were collected and assayed frem bioactivity using
1.929 ceis and the native g | assay descnbed in Example i Both of these assays indicats bicactivity at
‘racoons 28-32 which corresponds to a peak of ODz+s and ODaso oluting at 18% acetonitrile.

Figures 8A and 8B show the chromatogsapnic profile of e TNF affinity pool on a Syncropak RP-8
cotlumn with the corresponging dioactivity from the L329 cytotoxicity assay. Figure 88 shows a silver
stained 15% reducing SDS-PAGE of the RP-8 pool indicating a single band at 30kDa.

D. Characterization of the Protsin Component o_i 30kDa E Inhibitor

30kDa TNF inhibitor is a glycoprotsin as was detected using Concanavalin A-Peroxidase after the
protein was transferred onto the nitroceliulose filter. This methed is a modification of Wood and Sarinana
(Analytical Biochem. 69, 320-322 (1975)) who identified glycoproteins on an acrylamide gel directly. The
peroxidase smining of glycoprotein was performed by using peroxidase conjugated Con A or none
conjugated Con A. When non-conjugatsd Con A was used. the nitroceliuiose filter was incubated for one
hour in a solution containing Con A (0.5 mg/mi, Miles Laboratory) in phosphate buffer, pH 7.2 (PBS); then
washed 3 x § min. in PBS. The washed filter was incubated in horseradish peroxidase (0.1 mg/mi, Sigma
Chemical) for one hour. After 3 x 15 min. was in PBS the lilter was immersed in a solution containing 3
mg/mi 4-chloro-1-naphthol (Sigma Chemical) and 12.5 ulmi of hydrogen peroxide until the color was
deveioped. Glycoprotain was seen as a ourple color. A photograph was made as soon as the filter was
deveioped as shown in Figure 3.

Chemical deglycosylation of TNF inhibitor was carried out by the method of Edge, Faltynek, Hof,
Reichert and Weber (Analytical Biochem. 118, 131-137 (1881)). A mixture of 0.25 mi anisole (Eastman
Kodak) and 0.5 mi of triflucromethanesulionic acid (Eastman Kodak) was cooled to 4° C, then 1-200 ng of
dry TNF inhibitor were dissoived in Jui of this mixture. The tube was fiashed with nitrogen, then incubated
for 30 min. at room temperature. This deglycosylated protein was analyzed on SOS-PAGE (Figure 4). The
maolecular weight of chemical treated TNF ininbitor is about 18.000 daiton. A band at 14,000 was seen aiso,
but this may be a proteolytic fragment ot degtycosylated TNF inhibitor.

The enzymatic degiycosylation using N-glycanase was performed foliowing the manufacturer's protocol
(Genzyme Corp.) except TNF inhibitor was incubated with N-glycanasa for $ to 8 hours instead of overnight.
The motecular weight of the degiycosylated form of denatured TNF inhibitor is shawn to be about 20.000
datton (Figure S). When the inhibitor is not denatured prior to deglycosyistion, the molecular weight of the
deglycosylated protsin is about 26.000 daiton.

5-_ Deglycosyiated 30kDa TNF-inhibitor binds to TNF.

Radiclabeled TNF inhibitor (30kDa) was treated with TFMSA (trifluoromethanesulfonic acid) in order to
remove casbohydrates, and the TFMSA was sspasated from the protein by HPLC. The protsin fraction was
mixed with TNF-aifigel for ons hour at 4° C. and all unbound material was removed by centitugation. The
TNF-affigel was washed extensively with SOmM NaP04, pH 2.5. Radioactivity in each fraction was counted
and aiso analyzed on a SOS-PAGE. Non-specific binding of TNF inhibitor was measured using an-
hydrochymotrypsin affigel. The resuits are shown in Table 2. These resuits indicats that degiycosylatsd
TNF inhibitor (30xDa) binds to TNF.

TABLE 2

Sample Type of Count (CPM)

Affinity -

Flow Through Shate

Native TNF-INH TNF 49401 (55.0%) | 40014 (45.0%)
Natve TNF-INH Anhy CT | 80000 (98.0%) 1789 ( 2.0%)
TFMSA-Troated TNF-INH | TNF 13369 (73%.0) 4908 (27.0%)
TFMSA-Treated TNF-INH | Anhy CT 15682 (94.0%) 920 (6.0%)
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in another expenment, radiclabeled TNF inhibitor (30kDa) was reduceq. then deglycosylated with N-
jlycanasa. After 2egiycosylation. the matenal was incubated with 13 mM oxidized giutathione (GSSG) for
+0 minutes at rcom temperature, and diluted 5 fold with SOmM Tris. Cystemne was then added to a final
2ancentravon ¢t SmM. The matsnal was incubated &t 4" C for 16 hours then mixed with a TNF-atfiget tor
ane nour at 4° C. Unbound material was removed. and the gel was washed extensively with SOmM Tris-
HCL cH 7.5. The bound matenal was eiuted with 50mM NaP0s, pH 2.5. Radioactivity in each fracton was
analyzed. and a SDS- PAGE was performed tor sach fraction. As seen in Table 3 ang Figure 18. the
geglycosyated and reoxidized TNF inhibitor aiso binds to TNF.

TABLE 3
Sampie Type ot Count (CPM)
Affinity
Fiow Through Euate
Native TNF-INH TNF 18281 (60.0%) 12603 (40.0%)
Native TNF-INH (reducedrecxidized) TNF 28589 (94.0%) 1964 ( 8.0%)
TFMSA-Treated (reduced/reoxidized) Anhy CT 31371 (68.70) 421 ( 1.3%)
Deglycosyiatead TNF-INH (reducedireoxidized) | TNF 25080 (85.0%) 4305 (15.0%)
QOegiycosyiated TNF-INH (reduceareoxidized) Anhy CT 296819 (38.4%) 498 ( 1.6%)

Example 2. Sequencing of 30kDa TNF Inhibitor

N-terminal sequences were detsrmined using Applied Biosystems Protein Sequencers, models 470 and
477. Prior 10 sequencing, peptides generated from a varisty of proteciytic enzymes wers purified on an
Applied Biosystams C8-microbore HPLC column (22 cm x 2.1 mM).

é._ Amino Terminal Secuencing

Approximately 250 pmoles of reverse phass (RP-8) purified TNF inhibitor were applied directly to a
polybrene filter and subjected to sutomated Edman degradation. The resulting sequence information
yiommmstaommofmmohcub.

8. Endoprotsinase Lys-C Digestion of Native Protsin

Aaptmu‘mmZSOomobs(Sug)ofmmnmpudmmFirﬁqudigommm1ugot
andoprotenase Lys-c.mtzmwuzs'c was carmed out in the presence of 1M urea. 0.01%
Twoen 20, and 150 mM NHHCOs, pH 8.0. Prior 10 pepdce purificapon the digest was reduced by
mmm1mmmmmmomumw.armmmwmwoy
a turther one hour incubation at 37 cmamwMumeﬂﬁmmmdimmm-
rduﬁgnummmpmmwmmoimmmesmmm
phmnncwdmisdomtmwmm. '

&EmomﬁnmAso-NWo_fNﬁvoPmtﬁn

Approxmately 250 pmol (Sug) of raverss ohase ourified TNF inhibitor was digested with 0.5-2.5 ug
endocrotsinase Asp-N. The 12-18 hour digest at 37° C was camed out in the presence of 1M guanicine-
HCL. 0.01% Tween 20 and 150 mM NaPhos, pH 8.0.

Prior to peptide ourification the digest was reduced ang alkylated as in Example 2.8. Figure 10 shows
the reverse phass HPLC pattem ot two such digests. :
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C. Reducton Carboxymethyiation of Protein

Te reverse-phase HPLC punfied TNF inhibitor was reduced ana carboxymethylated with (°H]
lodoacsnc acid as descnbed by Glazer, et al.. in Chemical Mocifications of Proteins. pp. 103-104 (1975),
except Two Succassive rounds of reduction folowed by alkylation were used. The protein was re-purified by
reverse~phase HPLC prior to proteolytic digestion.

E Endooroteinase V8 Digestion of Reduction Carboxymethylation ot Protein

An analytical digest was performed by dissolving 55 pmoles (about t ug) of reduced carboxymethylated
TNF inhibitor in 150 mM NaHCOs pH 8.0, and digesting it with 0.2 ug V8 protease for 18 hours at 25°C.
Aeverse-phase HPLC (Figure 11A) reveaied three sequenceable peptides and ingicated a larger scale
digest was in order. Approximately 220 pmotes (4.5 ug) of raduced carboxymethylated TNF inhibitor was
digested with 1 ug VA protease for 5 hours at 25 C.. when an aaditional 0.5 ug V8 protease was added and
the digestions continued for 18 hours. Figure 118 shows the reverse-phase HPLC of the large scals V8
digest.

5 Comoiste Primary Structure of 30kDs _T_bf inhibitor Based on Peptides Sequences and CONA Sequencs.

Various peptide fragments were aligned according to the cONA sequence obtained in Exampls 4. This
is shown in Figure 19. Residues which are not identified by protein sequencing are residue numbers 14, 42,
43, 44, 98, 97, 108, 107, 108. and 110 through 119. The sequence of Gin-lle~Glu-Asn is apparently the
carboxy! terminus of the 30 kDa TNF inhibitor.

Enmpba.aowall:inhibitori_s_mmb_yU937c_e_ll_§sdmulatedﬂPMAa_ngw.

The monocyte-iike cail ine U937 was grown at 37° C in RPMI medium contsining 10% fetal caif serum
1o a cell density of 1 x 10¢ csil/mi. The celis were then removed by centrifugation and resuspended on §
differsnt 100 cm? petri olates at 2 x 10¢ celismi in RPMI without serum containing 10 ng/mi of PMA
(phorbol 12-myristate 13-acemts) and 5 ug/mi PHA-P (phytohemagghuinin-P). The conditioned medium
from one plate was harvested after only 10 minutes of incubation and used as a zero time control. The
medium from the remaining piates was successively removed at 24 hours, 48 hours, 72 hours and 96 hours
dufpMﬁoMWMMM@smptosmmwﬂimew‘oowou:ﬂby
Centriprep-10 (Amicon Corp.) treatment. Each 400 ul sampie was then mixed with an equal volume of an
Afgel-1S (Biorsd Corp.) preparstion containing approximately 10 mg/mi of purified human recombinant
TNFa that had been prepared in our laboratory. This TNFa, prior 1o being bound to the Affiget-15 resin, had
been shown to be bioactive by its toxdcity to murein L929 cells. -

The conditioned medium was incubated at room temperature batchwise with the TNFa affinity resin for
2 hours. The unbound fraction was removed after centrifugation of the resin and the resin was subsequently
washed with 1 mi (S00ul, 2x) of PBS (phosphats buffered saline, pH 7.5) cantaining 0.1% geiatin. Bound
matenal was siuted with 3 25 mM solution of monobasic sodium phosphate. pH 2.5 (400 ul, 2x). 40 ul of
aach of the unbound. washed. and eluted fractions were dried, resuspended in 10 ul of 2§ mM Tris pH 7.5.
mixsd with 2 ul (100 pci) of '3 TNFa (400-800 ci/mmole. Amersham) and incubated for 30 minutes at room
mmo.ThouminrumMmindwithSuldw'bwmw|nuoto.1%bmoplw\ol
bive and appiied t0 a 4% native acrylamide Gel as described in Example 1.8. The conditioned medium
fmwmmmmmmmTNFabindngmtwaimynmmﬁgm
18.

Thomnaininoaooummﬂnob(mlowpﬂomn)mmtoacaHPLCoohnnm
sluted with 8 linear gradient of acetonitrile over 60 minutes (1%/minute. 1 miminute flow rate. 1 mi fractions
were collectad). Each fraction as dried and resuspended in 50 ul of PBS + 0.1% gelatin. 10 ul of each of
these sampies was mixed with '1-TNFa as above and analyzed by native polyacrylamide gel. TNFa
binding actvities are detectad in fractions corresponding to 33% and 36% acewnitrile as shown in Figure
18. .
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Example i Anatysis ch messenger ANA from PMA/PHA trsated U937 ceils

U937 zsilis were grown as described in Examgle 3 to a dansity of 1 x 10¢ cell¥ml and then
resusoendec in serum-iree medium at 2 x 10¢ ceils/mi without or with PMA (10 ng/mi) and PHA (S ug/mi).
Samoies wers @ken at 1 hour +/- PMA/PHA and 17 hours + PMA/PHA only. Total RNA was prepared form
the ceils by the guanidinium thiocyanate-phancl-chioroform method ot Chomezynski and Sacci (Anaiytcal
Sicchemistry 162 :156-150, (1987)). Poly A~ ANA was orepared from tow) ANA by annealing to oligo dT
collulose (Bethesaa Researcn Labs). Eight micrograms of esach poly A~ RNA was then applied 0 a 6.8
‘armaidehyds, 1.2% agarose gel. The RNA within the gel was then blotted to a zeta probe membrane
{BioRad). The membdrane was treated 2as described in Exampte S for screening of 3 human genomic ONA
library with oligonuciectide prodes. 1 x 10% cpmymi of a labeiled single standed DNA probs (polynucleotide
xinase) was added. The saquence of this proce is:

5 TTGTGGCACTTGGTACAGCAAAT 3

and it comesponds to bases 410-433 of the sequance set forth in Figure 13. Following avernight
nybridization at 65 C. the membrane was washed ONCe at room lempsranre in 8 X SSC 0.1% SOS ana
once at 65° C in the same sohution and then exposed o x-ray film for 72:hours. The autoradiogram shown
in Figure 17 shows that PMA/PHA trestment of US37 calls in serum-fres medium for 1 nour cisarly
stimulates the expressicn of the 30kDa TNFa inhibitor messenger ANA and that by 17 hours of treatment
this message s virtually absent from the colls. The moiecular size of the 30kDa TNFa inhibitor massenger
ENA bassd on this experiment is aoproximately 2.4 kilobasas.

Exampis S. Preparation of 3 human genomic DNA library !t_:: a0kDa TN__F inhibitor

Human genomic DNA was partially digestsa with s_g_u_ 1Al ang size ssiected. DNA with an average sizs
of 15 KB was ligated into the Bam Hi site of bacteriophage lambda Charon 30. (Rimm. D.L.. Homess. D..
Kucera, J., and Blattner, F.R. Gane 12:301-309 (1880)). Phage were propagated. and amplified on E. col
CES 200. '

A. Probes

The four degenersts ciigonuciectide hybridization orobes listed in Table 4. were synthesized on an
Appliea Biosystems ONA symnesizer. Each probe mixture consisted of all possitie ONA sequences cocing

for the given peptide sequence.
TABLE ¢

Pepude Peptide Probe Name Probe Sequence
Name Sequence .
LysC 18 | KEMGQVE TNFBP-P20 s:TCNACT CTGNCCCATTCTCTCTY 3
LysC 11 | QGKNHP TNFBP-P2 SICMGGGNMAGTATCACAYCC 3
LysC 11 | YNDCPG TNFBP-P3 S'TATCMTCGATCTGTCCCNGG 3
LysC 11 | YIHPONN TNFBP-P4 8 TTAGTTTCTGNGGAGTCAGT 3

NsQAToC.

Oligonuciectides were labeled with (gamma -32P] ATP (Amersham inc.. Adington Heights. IL) and T4
polynucieotide kinsse (Boshringer Mannhewn. ‘Indianapolis, IN) 10 a specific activity of 6-8 x 10¢
c.p.mJpicomaie according o manufacturer's instructions.

8. Methodology :

8.4 x 10° lambda phage containing human genomic DNA were pisted and transferred 10 duplicate
mwoceliulose filters. These filtars were nybngized with 1 pMoi'ml of probe TNFBP-P2 for 16 hours in 8
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solution centaining 1.0 M NaCl, 0.1 M sogium citrate, 2x Denhardts solution (Denharat, O.T. Bnochem

Biophys. Res Commun. 23: 841-648 (19686)). 0.1% SDS. 0 05% sodium pyropnosphats and 150 ug/mi yeast
‘ANA at a o emperatur of 52°C. This temoeratire is 2° C below the caicuiatad Tm for the most AT-ricn
mermoer of the oligonucleotia pool. (Suggs. S.V. in Deveioomental Biology Using Puritied Genes. (Brown,
D.D.. and Fex, C.F., ads.) Academic Press. New York, pp. 683-693 (1981)). Alter hybridization. the fiiters
were washea for 48 minutes at ambient tempsrature with three changes of 1 M NaCl. 0.1 M sodium citrate
and 0.5% SDS. A stringent wash of eignt minutes was done at the caiculated Tm (ie.. 2°C above
hybridization temp) for the most AT-ricn member to the poc!. Filters were then dried and autoradiographed
for 40 hours with one intensitying screen at -70° C.

Eleven positive hybridizing plaques were detacted and these wers isofated and amplified. The ability ot
these ciones to hybridize to TNFBP-P20, TNFBP-P3’ and TNFBP-P4 was tested using similar mathodoiogy.
One clone (TNFBP-8) hybridized to all four oligonuciectides. This cions was plague purified and ampiified.
ONA was prepared from this clone using Lambda-Sorb (Promega Corporation, Madison, W) and a method
descnbed by the manufacturer. ’ '

One microgram of this DNA was then gigested with Sau 3Al and the fragments subcioned into 8am HI
digestas M13 sequencing vector mp 18 (Yanish-Pemron; G.. Viera, J.. and Messing, J. Gene 33: 103119
(1985)). M13 ciones were then transferred to duplicate nitroceliulose filters ang hybrdized to the
oligonuciectide probes in Table 4 using conaitions previousty described. Positive subciones were purified
and sequenced (Sanger. F.. and Couison, A.R.J. Mol. Biol. 94 :441-448 (1975)) using a modified T4 ONA
polymerass (Sequenase. US Biochemical Corp.. Cleveland OH) as described by the manufacturer. and
using as primers either the degenerate proces used to identfy the clons or sequence obtained using those
probes. Among the sequences obtainea are those of Subciones TNFBP-M13-Sau 3A-P2'-2 ang TNFBP-
M13-SaudA-P4 Primers P3, P2, P2, P2 ana P4. The sequence cata is set forth in Figure 13. The sequence
contains DNA caging for at least 48 amino acids of 30kDa TNF inhibitor peptides other than those specified
by the probes and therefors confirms that the clone TNFBPB codes for TNF inhibitor. The sequence aiso
shows that the gesne for TNF inhibitor includes at least one intron (GTAGGGGCAA . . . . . .
.CCCCATTCACAG). Finally, this sequencs shows that 30kDa TNF inhibitor is symhesized as a precursor
protsin and that a proteolytic claavage at the Arg-Asp sequencs is required (o generate the mature, active
protsin.

Exampie 8. Preparation and screening of 2 CONA library of mRNA from US37 celis stimulated with
PMAPHA ™

The experiment described in Exampie 4 shows that US37 cells treatsd with PMA/PHA for t hour should
contain a pool of messenger RNA enriched for the TNF inhiditor (30kDa). Accordingly. a CONA library was
pmffmpolyA RNAWMMUGNWMNWPMNPHAudownMMEmpb4
owbswmad.bhmmncoNAmmtmwmmawySugdmA ANA essentially as
described by Gubler, U., and Hoftman, 8.J.. (1983 Gene . 25:283) using lot tested reagents (Amhersham,
Arlington Heights. IL) according to procedures recommended Dy the manufacturer. Approximatsly 1 ug of
double stranded cDNA obtained was treated with the enzyme EcoRl methylase and EcoRl linkers naving
the ssquence: d(pCCGGAATTCCGG) (New England Biolabs, Beverly, MA), were attached via T4 DONA
ligase followed by digestion with endonuciease EccRI. This ONA was then ligated into a lambda-
mmmmmONmMmMRWUM)MMMSuUSA 80:1194-
1198) that had been digested with EcoRl and the product packaged intd infectve lambaa-bactenophage
particies using lambda-ONA packaging extracts (Gigapack It Gokd) cbtained from Stratagens (La Jolla. CA)
aeeomummm-mmsm(comnm)wummmuwmaconmcaoo :
nnwnmmmuwmmmm«yzs-to'rmmmmm

Approximaiely 4 x 10° members of this library were plated on E. coll strain CB00 hfiA (S x 10*
pluJspiste). Duplicats s 1o nitrocsiiuiose were made and the filters were treated as described in Example
S for screening of the human genomic library. ThoDNAonmohlt«swnmmwmdmmmmo”P
Wmmadmbodun&xnpbtexammmomwmofmmnmma C. From 4 x
10% recombinant phage plated, 3 duplicate plaques hybridized to this probs. These were further reisolated
and probed as above and with an additional synthetic probe having the sequence:

5 CCCCGGGCCTGGACAGTCATTGTA 3’

This crobe corresponds to bases §71-894 of the human genomic TNF inhibitor clone shown in Figure
13. Both proves hybridized to all three plaques identified with the first.

After plaque purification ONA was crepared from these three cionss and subcioned into the EcoRi site
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of M3 vectors MP18 ang MP19 as descrived in Exampie S. Each of these cONAs consist of two EcoRi
‘ragmems one of approximataly 800 bp commen to all three cicnes ang an ther 1300 bp, 1100 bp or 1000
-p cecending on tha cions. The likely origin of the uniqus EcoRl lragments in sach cione s incomplete
zslongation by the enzyme reverss transcriptase during 1st strand synthasis of the cONA. Therefore. those
-E_:g RI fragments likely represent the S end of the TNF inhibitor MRNA ang the 800 bp fragment the k)
ana. This is confirmed by the ONA sequence cbtained for these fragments a3 cescribed below.

Fram the EcoRI subciones of the cONA described above the entire sequence of the 2100 bp cONA was
cbtained. The didioxy nuctectide chain termination method of sequencing was used (Sanger, F. and
Couison. A.R. (1875) J. Mol Biol . 34:441.-448). The modified T7 DNA paiymerase. Sequenase (U.S.
Biochemical. Cleveland. OF) was Used as the siongation enzyme as described by the supplier. Sequencing
primers were synthetic oligonucieotides prepared from the human ganomic sequence of the TNF inhititor
as shown in Figure 13 Or sequences obtained using those primers. Figure 20 shows the transiated
ssquence derived from one of the cONA ciones. This sequence corresponds o that obtained by proten
sequence cata as described in Figure 19. The entirs sequence of the human 30kDa TNF inhibitor cONA
from clone 1amoaa-gt10-7ctnfbp is shown in Figure 21,

~ Example 7. Exoression of the 30kDa IN_F inhibitor cONA in Escherichia coli

The portion of the TNF inhibitor (30kDa) cONA gene coding for the soluble TNFa binding activity has
been crepared for exprassion in E. coli as.described below.

Becauss the protein coding sequence defining the C-terminal portion of the urine derived TNF inmititor
(sequence QIEN, base 771 Figure 20) is not followed by a termination codon in the cONA sequence. one
was acded by oligonucisctide dirscted in vitro mutagenesis (Biorad. Richmond, CA). An M13MP19 clone of
the 1300 bp EcoRl fragment from the cCione lambda-gii07cinfbp, was hybrdized with the synthetc

of 2 .
5 CTACCCCAGATTGAGAATTAAGCTTAAGGGCACTGAGGAC 3 : .
ANer 2nd syand synthesis and transfection into an appropriate host, mutant cicnes were identified by
hybridization t© the above described muwmgenic oligonuciectde. The motecular identity of the clones so
identified was confirmed by DNA sequencing as described (Exampie 5). Next. 3 488 bp fragment defined
by Styl (pasition 303) ana Hindill defining the C-torminus of the protsin was removed from the Rf form as a
mutagenized clons ang inserted into E. coli expression plasmia containing the tac | promatsr (CeBoer, H.A..
et al. (1983) Proc. Nal. Acad. Sci. USA 80:21-25). This construction was accomplished by use of the

S NCCGAW&MTGATTNTGGAWCCC 3
GCTAGMCCTCC!ACTM’HTACWW

mlsmmmwmmmcmmegm(meummam)mme
fiest 12eodmolmobmiophmﬁgom10.ThoDNAmumolmmmmmm
mﬂaﬁmimﬁlﬂmuqmwhmmmsmismmﬁgﬂtezz.AmeMneccdm
(ATmismasuﬂymmmmmesmmberm Eﬂi.msphamidns
calted o TNFiX-1.

The predicted molscular weight of this protein is approximatsly 17,600xDa a molecular weight that is
very close o the degiycosyiated native TNF inhibitor (30kx0a).

Examois E Purification of active TN__F inhibitos (30k0a) from Escherichia coll

_ Calls from one iiter ot E. coli culture (pTNFIX-1JM10710n-) grown under induced condition for 2 hours
were resuspended in 10 mi of SOmM Tris-HCL pH 7.8 containing 2mM EDTA (TE bufter) and French
pressed at 20,000 0si. at 4" C. The material was centrifuged at 20.000 for 10 min. The resulting peiiet was
washed oncs with TE-buffer. The washea Detlet was resuspended in 2 mi of 6M Guanidine-HC! and
incubated at room temperature for 10 min. After the incubation, 80 ul of 500 mM DTT was added and the
mixture was incubated at room temcerature for ancther 30 min. The matenal which ramained insoluble after
this treatment was removed by centrifugaton at 20.0C0g for 15 min. 120 ul of S00 mM oxdized glutathione
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was added to the supematant, and th mixture was incubated at room temperaturs for 10 min. This material
was then diluted in 20 mi of 0.6% Tri bass soiution, and 220 ul of SO0 mM cysteine was added. The
incubatcn was continued for ancther 18 hours at 4° C. After 16 hours of incudation, some insolubie residue
was observed. This insolubl material was removed by centrifugatcen at 20.0009 for 20 min. The resulting
supemawant was dialyzed against SOmM Tris-HCI gH 7.5 for 18 hours at 4" C., then centrifuged at 20.0009
for 10 min. PMSF at a fina) concentration of 4mM was added to this supematant and this material was
loaded cnto a TNF-affinity column (.7 x 2¢m) at a fiow rate of 0.1 ml per min, This column was extensively
wasnhed with SOmM Tris-HC! pH 7.5, and bouna oroteins were eluted with S50mM NaP0s-HCI pH 2.5 The pH
2.5 eluate was loaded onto an RPB column which was previously equilibrated with 0.1% TFA/H20. TNF
inhibitor was eluted with a tinear gradient of 0.1% TFA/acstonitrile at 1%/min. (Figure 25). Fractions were
analyzed on SDS-PAGE (Figure 28), and cytotaxicity assay was performed (Figure 25) to localize the TNF
inhibitor. The E. coli -produced TNF inhibitor (30kDa) migrates to about 20 kDa, since it is nct glycosyiated.
Fractions number 30 through 38 contain TNF inhibitor. The amina terminal sequence of this matsnal shows
that the £. coli produced TNF inhibitor has the following saguence:
Met-Asp-Ser-Val~()-Pro-Gin-Gly-Lys- Tyr-lie-His-Pro-Gin-Asn-Asn-Ser- .

By using this procsdurs. about 40 ug of TNF inhibitor (30kDa) was obtained from one liter of the
culturs. The yield was about 2 to 3%. The yield can be increased to over 50% by purifying the TNF
inhibitor before refolding.

Exampie 9. Expression of genes encodinc 30kDa TNF inhibitor in amimal cells

Animal-csil expression of TNF inhibitor requires the following steps:

a. Construction of an expression vector. :

b. Choice of host ceil lines.

¢. introduction of the expression vector in host cells. .

d. Manipulation of recombinant host cells o increase expression levels of TNF-BP. :

1.TNFirﬁbimremuionvomtsd«ignodtotminarimdcdlswboofsmmincludmg
mwmommimmommmumummcmu
ommhwwwm.mmcmapmmewmssmu
enhmwa(indudbtoormmmmmﬁmaisaommmhmwminmmw
the cDNA sequences in plasmid-based vectors. Two exampies of such constructs follow. )

AmMmMammmmmmmmmmmoW@W
immodimoutygomcmwﬁgmmopmwmmmmmgmummmww
W(Mm:.mu.MWCMm.aMwMM.CeUSofingmrborubormrv.lm
and resulting in the plasmid Shown in Figure 23.(9CMVXV beta TNFBPstopA) The SV4O origin of replication
is included in this plasmid to facilitate its use in COS ceils for transient expression assays. This panicular
mmmmmcwhmnomyWMMumbymmmmtw
41521-530.1swuwbymmmaqumm<mvmmmmsm.mﬁﬁ
344, 1978) which is flanked Dy Bam HI and Eco RI restriction sites. This intron is incluced becauss
expression levels have been Showh I D inCreased when introns are included in the transcribed regions of
mmmm(mmm.ﬁgﬂ.gﬁam 1988). The polyadenyiation
mumwmmw(svw)ms(mmmmmmz:mnmy.au.
mmmtmmwmmﬁimwmmmummdmumm:m
extensive region iocated 3 of the C-terminus ot the purified TNF inhibitor from human urine has teen
cmwummmmwm«mmommmarmmc-www..
The unmodified 30kDa TNF inhibitor cONA sequences in an anaiogous vector have been inserted into COS
ceils and been shown to increass the TNF binding activity of such ceils.

The second construct (see Figure 2¢) (PSVXVTNFEBP stop A) uses the strong constitutive promoter
region_mmosv&omyminmmmgommtwd\umafowinmmmidpsvzmﬂm.
ot al. Mol Cell. Biol. 21044-1051, 1982). This plasmid should be manipulated in such a3 way as to
substituie the TNF wnhibitor cONA for the chioramphenicol acstyltransferase coding sequences using
MNMWWW&OmmmmmFimwﬂAmMMniMa
daaibodabcvoformcw”mwconsuud.movaolrtvpmowrpqioninctmammnca
from the Hind il sits to the Bam Hi site (map coordinates 5090-188; see Reddy et al.. Science 200:484-502,
1978) and the SV40 polyadenyiation signal is as described above for the CMV construct.

2. Two animal ceil lines have been usad to xpress TNF inhititor using the vectors described above ©
produce active prowin. Cell lines that hav been characterized for their ability to promote expression of this
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foreign gene include the monkey kidney cell, COS-7. and Chinese namster ovary (CHQ) dihydrotolats
reductass deficiant (dhrf-) csils.

3. To establish a continuous CHO-derived call line that secretes 30kDa TNF inhititor into cail cuiture
medium. a TNF inhibitor expression piasmid has been introduced into th se dhfr- ceils along with a plasmid
\hat directs the synthesis of dihydrofolate reductase using the calcium phosphata-ONA oprecipitat n
technique described By Graham and van der Eb (Virology 52:456-487. 1973). The celis that have taken up
ONA and express DHFR were ssiected as described by Ringoid, et al.. (J. Mol. Appl. Genet. 1:165-17S.
1981). -

4. Calis that sxpress the TNF inhibitor gene consmucts can be maniouisted to incresse the levels of
production of TNF innititor. Calls containing TNF inhibitor expression vectors along with a chfr expression
vector shouid be taken tirough the gens amptification protocol described by Ringoid, et al., (J. Mol. Appl.
Genet 1:165-175, 1581) using methotrexate, a competitive antagcnist of dhir. Gene ampiification leads o
more copies of the dhir and TNF inhibitor genes present in the cells and, concomitantly, increased levels ot
TNF inhibitor MANA which, in turn, leads to more TNF inhibitor protein teing produced Dy the cails.

Example 10. Isolation c_f two types 1# TNF-inhibitors from USJ7 condition medium a_n_q the existencs of the
second TINF inhibitor in human unne . ST

The human US37 celis were grown at a density of 1 x 108 cells per mi in 150 cm? fasks using
APMI1640 medium containing 200 unitsmi peniciiiin, 200 unitymi of streptomycin, 10% fetal caif ssrum.
After 3 days of incubation at 37° C. the cails wers harvested by centrifugation at 1500 G for 7 minutes. The
cells were resuspended at a density of 2 x 10%/mi in AMPIE40 madium without serurn. The cails were
grown in the presence of 5 ug/mi PHA-P {Phytohemaggiutinin) and 10 ng/mi PMA (Phobol 12-myristate 13-
acetats) for 24 hours.

The 24 hour mecium (4425mi) was collected by centrifugation and concsntratad by Amicon YMS filter
to sbout 100 mLThismmmlmpnmdmmughamﬁommygd(0.7:2:m)u:ﬁowrmo¢0.1
mymin and the gel was washed extensively with S50mM Tris-HCl pH 7.5. The bound proteing were eluted
with 50 mM NaPO«-HCl. pH28 and TNF inhibitor was separated from other contaminating proteins by
HPLC-RPCA. As seen in Figure 27 two TNF-inhibitor peaks are ooserved. SDS-PAGE analysis of the RPC8"°
fractions shows that the molecular weights of the two peaks correspond roughly to 30kDa and 40kDa’
proteins (Figure 28). The 30kDa prote:n (TNF-1NH1) was subjected to amino-terminal sequence analysis.
and found 10 be the same sequencs s that of urinary 30k0a TNF-inhibitor described above. However, the-
pmoinsoquonuofmowkoapmninmwsmnni:notmomoumm:wm(sn&mpn
11). Further punfication of the second TNF inhibitor pesk in the human urine, which is seen around fraction™
:mnﬁma.mmnnmmwmﬁmuwm(ﬁmamam. .

The 4CxDa TNF inhibitor is aiso a glycoprotein. This was detectad using Concanavain A-percidass”
after the protein was transtermed onto a nitroceiluicse fiter as cescribed in Exampie 1.0. The moiecular
weight ot N-glycanass treated 40kDa TNF inhibitor was shown on SDS-PAGE to be about 36kDa. (See
procedure described Exampie 1.0.).

Foliowing the procedures 38 outined in Example 1.E. above. it may be determined that the de~
glycosiyated 40kDa TNF inhibitor aiso binds to TNF alpha. In addgition, the deglycosylated 40kDa protein
may aiso be shown to bind to TNF beta (lymphotoxin).

Exampie 11. Protein sequencing of USS7 derived 30kDa TNF inhibitor, 40kDa TNF inhibitor, and Urinary
a0kGa TNFinhibitor .

Aming terminal sequence of the proteing were determined using Applied Blosystem Protein Sequencer,
Modsel 470. Both nstive and reduced-carboxymethylated proteins were sequenced. Approximatsly 200
pmobso'mphu.(ﬂP—G)u:iﬂodTNFianmepﬂodtoapﬂybnmﬁnumdmncmw
automated Edman degradation. The resuiting sequence is shown in Figure 31. it can be seen that the us37-
dertved 30xDa protein is the same as that formed and identified in urine. The 40xDa TNF inhibitor protein is
not same as the 30kDa TNF inhibitor protein. The urinary 40kDa TNF inhibitor protein doss not contan two
amino terminal residuss: ctherwise, it is same as that of the U937-denved 40kDa protein.

Example 12. Primary structure of the 40kDa LN_F: inhibitor .
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About 40 ug of the reduced and carboxymethylated TNF inhibitor (40kDa) was digesteg with en-
doorotease VB as described abave, anc the resuiting peptides were separated on an RPC18 column (Figure
23). The peptides punfied wers sequenced using an Appliea Biosystam Protein Sequencer, Model 470.

About 30 ug ctf the reduced and carboxymethylated TNF inhibitor was treated with S ug cf endopep-
tidase Arg-C in 02M ammonium bicarbonate at 37°C. Atter 24 hours of digestion, the Arg-C digested
material was loaded onto an HPLC-RP8 column 1o separate pectdes (Figure 32). Purified peptides wers
sequanced as before. Some of the peptides were further cigested with TPCK-trypsin or chymotrypsin.
Abcut S00 pmoie of arg-C18 peptics was treated with 3 ug of TPCK-trypsin (Boehringer Mannneim) in 0.2M
ammonium bicaroonats at 37 C for 7 hours, and peptces were saparated using RP8 (Figure 34). About
200 pmole of the peptide arg-C10 was digested with cne ug of chymotrypsin (Boehringer Mannneim) at
37" C for three and a half hours, and the resuiting peptides were separated on an RPC18 (Figure 35).

A partial structurs of the TNF inhibitor (40kDa) was determined by aligning various overiapping ceptides
(Figure 36). A complste primary structurs of the 40kDa TNF inhibitor is shown in Figure 38. Residues not
identified by protein sequencing wers deduced by review of the sequencs of the cONA cione that encodes
the 40kDa TNF inhibitor and that is discussed in Example 14A and described in Figure 39.

Example 13. Identification of cONA clones f_o_r the 40kDa TNFa inhibitor

The information presentad in Exampie 9 shows that US37 cails treated with PMA ana PHA produce a
TNFa inhibitor with a molecular weight of approximately 40kDa. This protein has been punfied and it's
amino acid sequence has besn substantially deterrmined. as described in Exampie 12. Tabie 5 shows the
ssquences of several peptides derived from this protein and gives the sequences of mixed sequence
oligonuciectide probes used to isolate genes coding for the 40kDa TNF-inhibitor described here.

The gene encoding sequences comprising the 40kDa inhibitor may be isolated rom the human
genomic library described in Exampie S. or 3 cDNA iibrary constructed from mANA obtained from U837
colis that had been treatsd with PMA and PHA for about 8 hours (See Example 14). Each library should
contain apgroximately 1.0 x 10% recombinant.
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TABLE S
Peptide
c
EYYDQTA 40KD=-P2’ $ ' GAATATTATGATCAMCAGC 3’
6 ¢ ¢ ¢ G G
T
’ ¢ ¢ c
AQUArT 40KD-P1 S 1GTAAAACGAACTTGAGC 3!
6 6 G C G
T T T
c
KQEGCR 40KD-PG € ' AAACAAGAAGGATGTCG 3'
G 6 G G ac
T
c
QMCCSKC 40XD-PS S ' CATTTAGAACAACACATTIG 3°
C GCIG G c
T
c ¢
DQTAQMC 40KD~-P6'’ 5 ' GATCAAAGCAGCACAAATGTS 3
¢c 6 G 6 G
T T
c ¢ c ¢
PGWYCA 40KDP7 81 CCAGGATGGTATTGIGC 3!
G G
T T

Exampio 11 Isclation cﬁ 40kDa TNF inhibitor cCONA sequences from PMA PHA-induced U937 celis

US37 mRNA was isolated from ceils that had been induced by PMAPHA for § hours. It was then
- sslectsd on an oligo-dT column. and the polyadenyisted mANA thus isolated was used to maks dscONA
using reverss transcriptase foliowed by E. coli pctymerase /ANass H. The dngNAmsuoiocm wa
polymerase chain reaction using, as primers, the degsnerats probes (40KD-P1" ana 40KD-PT) shown in
'rablos.'rhoDmmmmmmmmawommmwmn'(soo
Table 5) identfying a single band that contained this sequence. This band was isolated on an agarcse gel
and cioned into M13 phage ONA (syain mp18). After transtormavon into B, coll stran JM109 ana plating on
medium containing X-gal and PTG, clear plaques were identified that Contained the correct cONA insert.
'rhomamominmmummﬁmnmmmmummmm
mmmmmwmmaﬁmmmmmmﬁgnn(mum '
12 - 104) and Figure 38

Examotle 1_4_A._ isolation of 40kDa TNF inhibitor cONA clone from PMAPHA-incucas USIT Colls

MANA was isclated (Chirgwin, J.M. et al. , Biochemisty 18, 5284-5298) from human U937 celis that
had been exposed 1 PHA and PMA for 9 hours. mANA was purified form this RNA using oligo-dT ceiluiose
(Aviv, H. ang Leder, P., 1972, Proc. Natl. Acaa. Sci. (USA) 69, 1408-1412). § ug of this mMRANA was used to-
synthesize 3 ug of blunt-ended. double-stranded cONA (Gubter, U. and Hottman, B.J.. 1983, Gene 25. 283-
269). After aaaition of Eco R linkers, the CONA was purifies by sephacryt S-400 (Pharmacia) spun column
chromatograghy and ethanol precipitated. One hundred ng of this cONA was ligatea mto 1 ug of Eco Rl
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digesteo and alkaline phosphatase-treated lambda qt-10 and cackaged in vitr using Jiga-pack gotd
(Stratagene). The oackaged cONA yieided 2.5 x 10° recombinants when piateg on E. coli C600 hfl. 1.2 x
106 mampers of this ubrary were screened in duplicate with 32P-labeled probe 40KD-PE+7 (5 GGG CGT
ATG TGC TGT CCT CAC AGG 3') as descirbea (Benton. W.D. ana Davis, A.W., 1977, Science 196, 180-
182). Twelve positive hybndizing clones were solated and rescresned with probes 40KD-P8’ ang 40KD-P7
(se0 Table S in Exampie 13). Four of these ciones hybridized 10 all three orobes. One of these ciones,
c40DK#6, was digestaa with Eco RI, and a 2.2 kb insart was isolated and subcloned in both orientations into
the bacteriophage M13 vector, mp19 (Yamsh-Perron. C.. et al. , 1985, Gene 33, 103-119). The sequence
was cetermined from both srands using the chain termination method (Sanger, F. and Coulson, A.R., 1975,
J. Mol. Biol 94, 441-448) with Taq ONA polymerase (U.S. Biochemical). This sequence is shown in Figure
39 along with its deducad transiation product. The sequence contains a single open reading frame
axtonding from the ATG triplet at base 93 that extands well beyond the c-terminal sequence of the 40kDa
protsin at the GAC triplet at base 863.

Example 15. The 40kDa TNF inhibitor inhibits TNF beta as well as TNF aipha

Both the 30kDa TNF inhibitor and the 40kDa TNF inhibitor were examined to determine if they were
also capable of inhibiing the activity of TNF beta (lymphotoxin). Various concentrations of TNF-beta
(purchased from Endogen) were incubated with sach of the inhibitors for one hour at room temperature. The
resultant mixtures were analyzed via the L929 cell assay system as described in Example 1.8.1. for TNF
alpha. These experiments reveaied that the 30kDa TNF inhibitor had littie inhibitory effect'on TNF bew.
However, the 40kDa TNF inhibitor snowed significant TNF beta inhibition. The results of thess experiments
can be seen in Figurs 40.

Example 11 Preparation of human genomic DNA library for 40kDa inhibitor

An appropriate human genomic DNA library for 40kDa TNF inhibitor may be performed as described in
Exampie 5 for I0kDa TNF inhibitor.

Emnpul_?.Pnpmﬁon o_tgmgtf_n.apnssiongfEwkmminhibitorcoum_q&d\nﬂmiaciﬁ

Portions of the TNF inhibitor (40 kDa) CONA gene coding for soluble TNF binding activities (Fig. 39)
have been prepared for expression in E. coli as described below.

Because it has been difficult to definiively datermine the C-terminal sequence of the mature 40kDa
TNF inhibitor derived from urine or US37 cells, we constructed 3 derivatves of its CONA coding sequence
bassd on ssquence analysis of the cDNA cione. The first extands to the putative transmembrane sequence
o'mmmmwm(ﬁmwmmmmmamm...esys«nwclymm
next two are 51 (unmsa(m)mnmmmmmmdmmmamwno...s.r
Pro Thr, and base pair 704 . . . Ser Thr Ser, respectvely.

Each of these three C-lermini were created Dy in vilro mutagenesis ("MutaGene”, BioRad. Richmond,
CA) of M13 clones of the cONA of the 40 kOa TNFa infibitor. The longest cions was creatsd first by use of
Wfoumsymuww .

1.5.CACTGGGGACTAABCTTCGCTCTTCG ,

2. 8" GCQ GCA3 CAC GCC GAA TCC GAT CTT GGA GGA TGA TTA AAT GTT GCC CGC CCAG 3

Wlmammimﬁmmmmmm.m.unma@_a
I} restriction endonucieass recognition site at that point. Oligonucteotide 2 adapts the N-Terminal sequance
of the mature protesin, Leu Pro Ala . . . bp 159 (Figure 39) for expression in E. coli by 1) insening a Met.
ATG codon at amino acid position 1, and 2) inserting & transistional coupiér sequence and 5 Bam Hi
restriction endonucieass recognition site. The mutagenized fragment was removed by gﬂﬂm_tgm
digosﬁonoinDNAdmmummammlmmdimmacoﬂommnplmum
in Exampie 7. Clones beanng this gene construction are called TNF. R,

The two shortened clonss were constructsd as above using the mutagenized M13 derivative of the
40xDa TNFa inhibitor clone isolated above and the following oligonucieotides:

5 GTCCCCCACCTAAGCTTCGGAGTATGG 3 aSt
s’ GTCCACGTCCTAAGCTTCCCACCCGGA 3 a53

30
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These two 0lig nuctectides introduce transiguon terminaton codons at bp 710 and 704 respscuvely
iFigure 39). Clones bearing thase gene coNSTUCUONS are called TNF:40 St and TNF: 40 53 respectvely.

Exampie 18. Expression of genes ancoding 40kDa TNF inhibitor in animal cells

Expression of the 40kDa TNF inhibitor clone in animal cells may be oerformed as described in Examole
9. The extensive region located 3’ of the c-terminus of the 40kDa TNF inhibitor may be celeted and a stop
ccdon enginesrea into the position just following the c-terminal Aspartic acic.

Examole 1_9_ Expression of the complete cONA encoding 30kDa TNF inhibitor in mammalian cells increases
TNF receptor sites - -

An expression vecior was mads that incorporated the entire 30kDa TNF inhibitor ¢DNA (2.1 kb) shown
in Figure 21, named p30KXVA. and was in all other respects identical to the vectsr shown in Figure 23 (i.e..
the TNF-BP sequences shown in that figure were replacad by the 2.1 kb cONA using the uniqus Eco Rl site
in the plasmid). See Exampie 9 for 3 more compiete description of the expression vector. This piasmid was
introduced into COS7 cells using the lipofection procedurs described by Feigner et al. (Proc. Nad. Acad.
Sci. USA, 84, 7413 (1987)). Transfected celis were analyzed for their ability to tind ("I]TNFa. Figure 41
shows the rasuits of the binaing assay of ceils that were mockstranstected or transfected with the
axprassion vector p30KXVA. The number of binding sites on plasmig-transtected calls is dramatcally higher

ot the number on the controi ceils. The camplete cONA clone (i.e.. he open reading frame that encodes a '

much larger protein than the 30kDa unne-derived inhibitor), in fact reprssents a cONA clane of a TNF
receptor.

mz&wmcoMMnngDnlN_fimmiﬂmmmM%imE
receptor sites - :

Mexpressa‘cnvmmmmuﬂnngZAmcDNAfragtHMimmmhmbdlphagopago
#8 described in Exampie 14A. This plasmid was «dentics! to that described in Exampie 9 (Figure 23) except
that the 40kDa TNEF inhibitor cONA sequences wese substituted for the 30kDa TNF inhibitor cONA
minmapmn.mwdamiwm with the 2.4 kb Eco Rl cONA fragment in each
orientation, named p4CKXVA (sense orientation) and p40KXVB (anti-sense crientston). These plasmids
comain the SV40 origin of replication, the cytomegaiovirus immediate early promgoter an@ ennancer. the
raibbit B-globin second intron, the 40KDa TNF innibitor cONA., ang the SVS0 earty potyadenyiation signal
(for a more compiste description of thia vector, 30 Example 9) in a pBR322-Dased plasmid. These
plasmids wers transtected into COS7 ceiis which were then assayed for TNF binding (ses Figure 42). Calls
mfocmdwimmoxxwuhibm:hwnwnbuofTNFbindinqﬁmonﬂncoqumm
COS7 cotls aione or COS7 ceils transteciad with p40KXVB, suggesting that tis cONA encodes a TNF
M.OMmmmmwbmuCHOcouscouldboomboodmncounmocwomis
mumumwm;wwmfimmﬁmocummmumm“naominExamplc
9.

mngmsmmmmom.

HmmmvmmmmmSSOmtofbloodasdmﬁbodby(Hmm.c.H.otu.Nmo
mmo.wimmmm(zx10’wu)wmsmmsoomofmmmammw
mmmmamdpmmwmminmu,‘amnmuw'c.mrm
mmmomodamMnymﬂugﬁmmdcmmwsommemeh
mbadedonwal’NF-alenth!bedvoume)msanolonammomemmm”in
Example 1. The eiuted material was further purified using a HPLC RPC-8 column under the same
msuine:wnphl.mmmaonwummmwnmw:sw.ﬁgmﬂsﬂmmo
two peaks of TNF inhibition activity. These two peaks correspond to ths 20 kDa and 40 kDa TNF inhibitors
which were also found in the culture medium of UB37 colls that was tsatsd with PMA and PHA ang
identified » urine.

k)
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»
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Cails 300 mi of E. coll cultures (40kDa TNF inhibitor AS1 ana 40kDa TNF inhibitor AS3) grown
separately uncer inguced condition for 2 hours were resuspended in 10 mi of 50 mM Tris-TCl, pH 75
contaiming 2mM EDTA (TE buffer) and Frencn pressed at 20.000G for 10 min. The resuiting peilets wers
wasned ance witn TE butfer. The washed cellet was resuspended in 2 mi of M Guanidine-HC/100mM
Tris-HC!, pH8.5/4mM PMSF, and incubated at room temperature tor one hour. After incubation, S00mM OTT
was added to a final concentration of 4 mM, and the mixiure was incubated at room temperature for another
hour. Insoluble material was removed by centrifugation at 20.000G for 15 min. S00mM oxidized glutathione
was added 10 the supematant to a final concentration of 20 mM, and the mixture was incubatad at room
temperature for 10 min. This material was then diluted in 20 mi of 0.6% Tris base solution with S mM
cystaine. PMSF was added to a final concentation of 2mM. After 18 hours of incubation at 4°C, this
material was dialyzed against 300 volumes of SOmM Tris- HCL, pH 7.5 for 3 hours at 4" C. then centrifuged
at 20.000G for 1S min. The supematant was icaded onto a TNF-affinity column (.7 x 2 cm, 13 mg rhTNF/mi
of affigsl-10) at a fiow rate of 0.09 mi per min. This column was extensively washed with 50mM Tris-HCl,
oH 7.5. The bound proteins were eiuted with SOmM NaH2P04-HCI, pH 2.5. The acidic eluatss were ioaded
onto an RPS column (2 x 200mm, spsico) and the TNF inhibitors were eluted with a linear gradient of
acstonitrile in 0.1% TFA at a flow rate of 1 mi per gradient per min. (Figure 44A and 4SA). Fractions were
examined by L929 cytotoxicity assay (o lccalize the TNF inhibiters. The majcr peak on each RAP8 profile
contains the TNF-inhibiting activity (Figure 448 and 45B). The E. coli-produced TNF-inhibitors (40kDa TNF
inhibitor AS3 and 40kDa TNF inhibitor AS1) migrate to the expected locaton on SDS-PAGE (Figure 448
and 45B). The amino terminal sequence of these matarais shows that the E. coti-produced TNF-inhibitors
have the following sequence:

Met-Leu-Pro-Ala-Gin-VakAla-Phe-Thr-Pro-Tyr-Ala-Pro-Glu

By using this procedure, about 150ug of each 40kDa TNF inhibitor ( AS1 and ASJ) was obtained from
30 mi of the culture. The yieid was a few percent, however, the yieid can be increased to over 30% by
improving each step of this purification.

Both of these 40kDa TNF inhibitors (AS1 and ASJ) inhibit not onty TNF-aipha but aiso TNF-beta.

&amprExwamnamPudﬂcﬁmdmumml_o_Esleinhibim.

MacﬁwlOkDaTNFidianMﬁod&unmE.coﬂsmmyinqpmmwhidihmagm
for full length mature 40 kDa TNF inhibitor (a8 in Example 12). The method used to isolate an active
mmmmomummumpuamsmimmmmmrmwmm
and the amino terminal sequence is same as shown in Exampie 22. )

WﬁMmgmgﬂﬂgmlm

US37-procuced matwre 40 kDa TNF inhibitor was analyzed for total amino acid composition by the
Pm-wmaaamayaamm.mmwmmmmmmmmummmwma
TNF inhibitor a3 shown in Figure 38 are shown in Table 6.

Exampie g Production o_l chemically modified T_Nf_inhibilor: .

in order to increass the half-iife of the TNF inhibitors in plasma, TNF inhibitors which are chemically
modified MMWW(PEG)mumm.ThoMﬁaﬁm may be done by cross linking
PEG 10 a cystsine residus of the TNF inhibitor moiecutes. Since il of the cysweine residues in the TNF
inrﬁbitasfammudam:.mmmﬁnhibimnmcybocmmMmﬁnmmwm
residue at the mmmmwmmnsimwmmlmmamim.m
mutagenesis may be casrmied out by PCR using oligonuciectides containing the desired mutation. As fer the
30xkDa TNF inhibitor, an extra Cysteine residue was added at residus number 1, 14 or 105. These mutant
proteins were sxpressed in £. coli by using the same symaum'mmwzzzmzs.w
cafolded to actve TNF inhibitor. The mutant protsins ¥e as sctive as the non-mutated proteins. Pegylation
of these proteins will be camied out. and the activty wiil be assessed. The 40 kOa mutants will be

32
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constructea as above and pegy'ation will be performed 1o obtain actve oroteins ang will have increasea the
sanility of the TNF inmbitor.

TABLE §
Caiculated # by | Expenimental #
DNA sequence
Asx 14 13.0
Gix 23 28
Ser 25 22
Gly 14 178
His : 4 4.5
Thr 28 239
Ala 17 17
Ag 14 15.1
Pro 28 23
Val 13 8.7
| e 4 34
Leu 10 8.6
Phe S 40
Lys (-] 5.4
Tyr S 5.0
TP 3 ND
Met 3 ND
Cys 2 NO
ND: not detarmined

t is © be understood lhat the application ¢f the teschings of the present invention to 2 specific
axpressicn systsm will b within the capabilities of one having ordinary skill in the art in lignt of the
teachings contsined herein. Thus, it will be apparent to those of ordinary skill in the art that vanous
modificaticns and varistions can be made in the procssses and products of the present invention. it is
intsnded that the pressnt invention covers thess modifications and vaniations provided they come within the
scope of the appended claims and their equivaients.

Clalms

1. A substantiaily purified tumor necrosis factor (TNF) inhibitor which is active against TNF.
2. The TNF innibitor of ciaim 1 wherein said TNF Inhibitor is a glycoprotamn having a molecular weignt of
about 30k0a.
3. The TNF inhibitor of cisim 2 whersin said TNF inhibitor is deglycosyiated and has & molecuiar weight of
about 18kDa.
4. The TNF inhibitor of claim 3 wherein said TNF inhibitor is produced by recombinant-ONA methods.
S. The TNPF inhibitor of cigim 1 wherein said TNF.inhibitor is a glycoprotein having a molecular weignt of
about 40xDa.
8. The TNPF inhibitor of claim S wherein said TNF inhibitor is active against both TNF aipha and TNF beta.
7. The TNF inhibitor of claim 8 wherein said TNF inhibitor is deglycosylated.
8. The TNF inhibitor of claim 2 whersin said TNF inhibitor has the amino acid ssquence as shown in Figure
19. :
9. The TNF inhibitor of claim § wherein said TNF inhibitor has the amino acid sequence as shown in Figure
38. .
10. The TNF inhibitor of claim S wherein said TNF inhibitor is 40kDa TNF inhibitor AS1.
11. The TNF inhibitor of claim § wherein said TNF infibitor is 40kDa TNF inhititor AS3.
12. A recombinant-DNA method for the production of 8 TNF inhibitor comprising:

{a) preparation of a ONA sequence capable of directing a host cail to produce a protein having TNF

3
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inhibitor activitias;
{b) cloning e ONA sequence into a vector cacabl of being transterred inta and replicated in a whole
cell. sucn vector containing operational elements neeced to exprass the ONA sequence;
{c) wanstermng the vecter containing the synthetic ONA sequenca ana operational elements into a host
capabie of expressing the DNA encoding the TNF inhibitor;
{d) culturing the host calis under conditions appropriate for amplification of the vector and expression of
the innibitor; '
{e) harvesting the inhibitor: and
(N permitting the inhibitor to assume an active tertiary structure wheredy it possesses TNF inhibitory
activity.

13. The method of claim 12 wherein said TNF inhibitor is 30kDa TNF inhibitor.

14. The method of claim 12 wherein said TNF inhibitor is 40kDa TNF inhibitor.

18, The method of claim 14 wherein said TNF inhibitor is 40kDa TNF inhibitor AS1.

16. The method of ciaim 14 wherein said TNF inhibitor is 40kDa TNF inhibitor A53.

17. A gene encoding for tumor necrosis factor (TNF) inhibitor.

18. The gene of cliam 17 whersin said TNF inhibitor is 30kDa TNF inhibitor.

19. The gsne of claim 17 wherein said TNF inhibitor is mature 40kDa TNF inhibitor.

20. The gene of claim 17 whersin said TNF inhibitor is 40kDa TNF inhibitor AS1.

21. The gene of claim 17 wherein said TNF innibitor is 40kDa TNF inhibitor 453,

kL)
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a positive control . Purmed TNF-BP complexed
with 125[ TNF Lnna 2-5 are protein trom the 26,48,72. qnd
9 hour incubations with PMA/PHA that did not bind 'to’ the
TNF-affinity column . Lane 6-9 are the material from the same
incubations that did bind to the TNF- affinity column
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SATCACTSGE ACCAGEOST GATCICTATE GLa8AG TCTC AAKLTCMG TGTCMEECA A GGCACSTTG

0 ° 100 110 ) 120 130 140
GACGTCCTGA AGASACCGAQ TCSSGAGAAG CCCEAQCACT GCCSCTGCEA CACTOCCETE AGCCCAAATE

130 180 7 190 1\ 09 199
)————.——_——_

0GGAAGTGAG AGGCCATAGE TATCTGGC ATO 8GC CTC TCC ACC 073 CCT BAC CTQ CTG
MET Gly Leu Ser Thr val Pro ASp Leu LO&u

207 F3Y) 233 Ee 243 292
573 SCa C73 378 CTC 78 GAG CT3 773 Q70 GCA ATA TAC CCC TCA GGG 7T ATY
Lou Pre Low Vel Lou Lou Glu Low Low val Gly [le Tyr Pra Sar Gly vel lie
263 2710 bYAl 200 "

GGA CTG GTC CCT CAC CTA 353G GAG AGG GAG AAG AGA

gl ¥

5AG AAG AGA GAT AGT GTG TGT Lot
Gly L&u val Pro mia Leu Gly R80 Arg Glu Lve Arq Asp Ser val Cvs Pro Gin

us 32 33 342
AT

@GA AMA TAT ATC CAC CCT AT AAT 7CO ATT TGC T@T AGC
a8 ™nr

£l
B &
BHE

Gly hys Tyer lle Pre Gln Asn Aen Ber (le Cye Cye wys Cyve Nis Lye

349 7 7 3% .09 416
33A ACC TAC 773 TAC AAT GAC TaT CCA GOC CCO GGD CAG GAT AC3 OGAC TGo AGG
Gly TAr Tyr Lou Tyr Asn Asp Cye Pre Giy Pre Oly 8in ASp TAr Asp Cre Arg

423 32 ) 4% 439 “%d
GAG TGT GAG AGC GGE TCC TTC ACC GCT TCA GAA AAC CAC CTC AGA CAC TGT CTC
Olu Cye Gilu Ser Giy Ser Phe The ALS 50r Olu AGA Ni8 L8U Arg nis Cye wow

LX) 426 493 04 33 332

AdC TGC TCC AAA TGC CGA A 270 337 CAG OTG GAG ATC TCT TGT TGC ACA
Ser Cye Ser Lys Cys Arg Lys Glu AET Oly Gin val Glu lle Ser Sor Cys Tne

3 340 YY) sse 7 37e

373 GAC Cud GAC ACC 378 TOT 34C TGC AGG AAG AAC CAG TAC CS@ GAT TAT 108
val Aea Arg Asa The val Cys Gly Crs Arg Lys Asa GiA Tyr Arg ras Tyr Terp

383 9%e 03 2 (Y13 830
2GT GAA #oC S77 T7C CAG ToC TTC AAT TGE AGE CTC TGE CTC AAT GG ACG dTG
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